


Combustion 


TO THE ADVANCEMENT OF STEAM PLANT DESIGN AND OPERATION 











| Gas Turbine Co Boiler Heat Balance 


Furnace Safeguards 


Steam Power Plant Clinic 


American Power Conference 








How advanced — 


<a a 


steam generating ™ 


practice 
helps keep 
power costs down 


Heat energy released by the 1 of fuel gener ypments have ide possible ver higher 
ate ibout SO per cent ¢ ! ! " Lee powel And steam pressu ind temperatures und larger turbine 
during the decade just passe ol ( Wwineering capacities capacity of the average turbine pow- 
supplied over 10 per cer ( } ne steam cenerating ered by ( } Cl has more than tripled since 1950.) 
capacity idded by tl t 1S ele ic utilitv industry These nd other advances have he Iped the electric 

Because of continuit echnolo | progress, post utility ind ry ounter the effects of inflation. This 
war inflationary trends hay , ittle effect on the unit has been g | tor everyone American homes and 
cost of electricity to residential ai ndustrial users. In American industry like 
fact, the average cost per kilowatt-hour the country 
over is much less today than it was in the thirties. The 
ever increasing efficiency of converting the heat enere\ 

each c 


of fuel into electrical energ\ lenced bv the coal ’ 325-megawatt turt 
; service in 


consumption rates liste d iby \ is the prin ipal reason 
why electricity continues to | America’s best buy” 
Combustion Engineet ng through its dev lopm« nt 
; 


( new and LN prove d bo le I dk sicvns h is be en a major 


contributor to this advancing technology. These devel- 


GENERAL OFFICES: Windsor, Conn 


COMBUSTION ENGINEERING NEW YORK OFFICES: 200 Madison Avenue, New York 16 


ALL TYPES OF STEAM GENERATING, FUEL BURNING AND RELATED EQUIPMENT. NUCLEAR REACTORS; PAPER MILL EQUIPMENT: PULVERIZERS: FLASH DRYING SYSTEMS; PRESSURE VESSELS : SOM FE 





JOSEPH C. McCABE, Editor and 
Publisher 


A. W. HINDENLANG, Associate Editor 
ROBERT D. TAFT, Business Manager 
MISS MARY MONGAN, 

Circulation Manager 


Published monthly by COMBUSTION PUB 
USHING COMPANY, INC., 200 Madiso 
Ave., New York 16 A SUBSIDIARY OF 
COMBUSTION ENGINEERING, INC 


Charles McDonough, President 
Arthur J. Santry, Jr., Vice-President 


Lambert J. Gross, Treasurer 


Thomas A. Ennis, Secretory 


COMBUSTION is sent gratis to engineers in 
the U. S. A. in charge of steam plants from 
20,000 ibs per hr capacity up and | 
consulting engineers in this field. To others 
the subscription rate, including postage, 
$4 in the United States, $5.50 in Canada 
and $8 in Latin Americo and other countries 
Single copies: Domestic, 40 cents, Foreign 
60 cents plus postage. Copyright 1961 by 
Combustion Publishing Company, Inc. Pub 
lication Office, Easton, Pa. issued the middle 
of the month of publication 


Accepted as controlled circulation publicatior 
at Easton, Pa. 


COMBUSTION publishes its annual index 
the June issue ond is indexed regulorly by 
Engineering Index, inc. and also in the 
Applied Science & Technology Index 


The magazine is now reproduced ond dis 
tributed to libraries on microfilm by University 


Microfilms of Ann Arbor, Michigan BPA 
Printed in U.S. A : 


COVER PHOTO 


nie 


Du 


DEVOTED TO THE ADVANCEMENT OF STEAM PLANT DESIGN AND OPERATION 


volume 32 number 10 April 196] 


A Gas Turbine CO Boiler Installation; Economic and 
Thermodynamic Analysis . . . 22 


Charles Bultzo 


Here is an interesting and fact-packed story of a number of 
tests run to determine the values and the savings from 


a combined cycle 


Furnace Safeguards Panel . . . 31 


Last of three parts in which a panel of experis discuss 
different problems of different fuels, equipment shut down, 
inter-plant communications 


Steam Power Plant Clinic—Part XXII. . . 44 
Igor J. Karassik 


Pumping problems in a power house—variations of NPSH 
during transient conditions and the need for individual pump 
by-pass controls are covered 


Pneumatic Material Handling System Solves Difficult 
Flyash Disposal Problem . . . 50 


R. G. James 


A quick, heavily illustrated story of AEC’s Hanford plant's 
solution of a typical power plant problem 


American Power Conference in Review .. . 53 


Abstracts From the Technical Press 


Editorials: On Hard-Head Engineers 
by James T. Fairman 


Advertising Index 64, 65 Book Reviews . . . 16 





YUBA CONDENSERS 
ANY SIZE... ANY ARRANGEMENT 





Consulting Engineers: Ebosco Services Incorporated 


YUBA SURFACE CONDENSER DESIGN ... most 
flexible...any size...any arrangement. Through design 


advances such as those incorporated in the unit above, 


Yuba illustrates the concepts you can expect from 
TUBE BANK LAYOUT years of engineering leadership in the power industry. 
Yuba’s twin-bank tube layout, seen here in a two 
IN THE INDUSTRY shell “T’’ type installation, promotes unobstructed, 
equally distributed flow. Through Yuba’s patented 
design, the condensate can be deaerated with oxygen 
content guaranteed to be less than 0.005 cc per liter. 
As a design extra, Yuba staggers the tube support 
plates — reducing harmonics — eliminating vibration. 
Other Yuba products for steam power These are some of the reasons why Yuba surface 
plants include feedwater heaters, condensers of all sizes have been installed in plants 
evaporators, expansion joints, cranes, 

tanks. structural steel erection, throughout the world. You'll want to know more 
and scores of other items. about the most versatile tube bank layout in the in- 

dustry — contact Yuba today. 


specialists in power plant equipment 


YUBA HEAT TRANSFER DOIVISIion 


YUBA CONSOLIDATED INDUSTRIES, INC. 


SALES OFFICES IN PRINCIPAL CITIES 
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‘BUFFALO’ - MOST COMPLETE LINE 
OF QUALITY HEATING, VENTILATING 
AND MAKEUP AIR UNITS 


Whatever the air temperature requirements for your boiler 
room, turbine room or other plant areas, there's a ‘Buffalo’ 
Unit to give you permanent satisfaction. All embody the 
same quality engineering as the broad line of ‘Buffalo’ 
Mechanical Draft Fans. 


New ‘Buffalo’ Direct Gas-Fired Makeup Air Units pro- 
vide fresh, clean, tempered air without increasing boiler 
load. Units operate at virtually 100% thermal efficiency, 
with complete safety and freedom from attention. Can be 
built into Style H Sky Vent units. Also available with 


. ro — centrifugal blower head and accessories such as filters, 
For ventilation, you have ‘Buffalo’ Centrifugal, Propeller . 


and Axial Flow Fans to choose from, depending on space, 
pressure and volume requirements. All are proven fans 


dampers, etc. 


Write us about your heating, ventilating or makeup air prob- 


for specific design conditions, and may be used for lem—we'll give you details and recommendations promptly. 


supplying makeup air or exhausting. 





Sky Vent Power Roof Ventilators are effi- 


cient, weather-proof packages for econom- 
; DAMPER WITH FELT 


ical installation without duct or floor space TIPPEO BLADES 





‘Buffalo’ 
Direct 
Gas-Fired 
Makeup 
Air Unit 


requirements. Available in 1,000 to 250, 
000 cfm capacities, and can be arranged 
with heating coils and dampers for supply- 


ing makeup air. 


CAP SECTION INLET GAS 


PIPE CONN 


BURNER 
SECTION 


FILTER 
SECTION 














UR + “400-4 


~ sn 


Buffalo’ Type BL Ventilating Fan Buffalo’ Power Roof Ventilators 


BUFFALO FORGE COMPANY 


Buffalo, New York 


Canadien Blower & Forge Co., Lid., Kitchener, Ont 


* 

i Buffalo Air Handling Buffalo’ Machine Tools to drill, ‘ ‘Buffalo Centrifugal Pumps 
Equipment punch, shear, bend, slit, notch 4 to handle most liquids ond 
to move, heat, cool, dehumid and cope for productior +, + slurries under o variety 


and clean air and other gases. of conditions 


Squier Machinery 
to process sugar cone, coffee 
and rice. Special processing 


plant maintenance machinery for chemicals 
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Juvenile cowhands, legs bowed and toes turned in, are good for a laugh, 


since everyone knows that efficiency on the range requires experience 
By the same token for full and lasting satisfaction on your next 


critical-piping job, delegate it directly to specialists... Ask us in 


W. K. MITCHELL & CO., INC. 
WESTPORT JOINT Philadelphia 46, Pa. 


MITCHELL PipIne 


PIPING FABRICATORS AND CONTRACTORS 
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DOW RECOVERS 425°F WITH 
LJIUNGSTROM® AIR PREHEATER 


When Dow Chemical Compar 
Westside Power House at Midland, 
Mich., starts up their new 650,000 
lb/hr boiler, more than half the 
waste heat will be recovered by a 
Ljungstrom Air Preheater. Dow’s 
newest Ljungstrom (this is 
eighth in their system) was 
signed to lower stack gas tempera- 
ture from 700°F to 275°F, thus 
recovering 425°F. As a direct res 


company engineers expect at least 
10% reduction in fuel costs. 

On process stills or boilers—or 
wherever large volumes of heat are 
involved—Ljungstrom Air Pre- 
heaters improve combustion, make 
fuel burn more completely. It’s pos- 
sible to save as much as 20% on fuel. 
All major public utilities use 
Ljungstroms; as do many major 
chemical and petroleum processing 


Thia 25’ Liungstrom rotor will contain 
a total heating surface of 128,000 aq ft 
Continuous heat recovery by thie unit 
will boost the temperature of incoming 
combustion air from 100°F to 585°F. 
Every 45-50° F thus returned as preheat 
increases boiler efficie ney about 1%. 


companies. Chances are, you, too, 
could benefit. For additional infor- 
mation, call or write The Air 
Preheater Corporation, specifying 
type of application. 


THE AIR PREHEATER 
CORPORATION 


60 East 42nd Street, New York 17, N.Y. 





Copes-Vulcan i Varlable-Onitice desuperheater 


This ball makes the difference. Steam 
pressure lifts a weighted steel ball off its 
ring seat to a position where it is balanced 
by steam pressure and flow through the 
orifice. The ball is held concentric by In- 
conel springs and rigid guides. This is the 
only moving part in the Copes-Vulcan 
Variable-Orifice desuperheater that so ef- 
fectively controls steam temperature. 

Cooling water enters through an an- 
nular orifice surrounding the ring seat at 
the point of maximum steam velocity. The 
passage of steam through the annular 
restriction between ball and seat produces 
an aspirating effect on the cooling water 
and entrains it in an area of high turbu- 
lence over the full range of flow. 

No long run of piping is needed to mix 
the two fluids. There is no excess water to 
remove. No atomizing steam is used. 
There are no glands, stuffing boxes or 
spray nozzles. Pressure drop remains con- 
stant for all flows, and is normally 3 to 4 
psig. Write for Bulletin 1037. 
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The problem: to maintain the temperature 
of residual fuel oil at 335°-380°F using station 
steam at 1250 psig and 950°F. Because of the 
high temperature heating requirements of the 
fuel, it was necessary to use the station steam 
supply. To handle this tough assignment a sin- 
gle, combination pressure-reducing and reg- 
ulating valve, Copes-Vulcan Type CV-D, fol- 
lowed by the Copes-Vulcan Variable-Orifice 
desuperheater was used. The cooling-water 
valve is also a Type CV-D. The desuperheater 
provides steam at the right temperature to con- 
trol the fuel oil temperature and viscosity 
exactly. It has been in service over two years 
with no downtime and no operating problems. 


solves knotty problems at two generating plants 


The problem: to deliver 420° F steam at from 
20,000 to 300,000 pounds per hour and within 
+ 5°F of the set point. Conventional desuper- 
heating equipment could not be used because 
of the low superheat (30°F) and low flow con- 
ditions. A 12-inch, 300-psig standard Copes- 
Vulcan Variable-Orifice desuperheater, with out- 
let expanded to 20-inch pipe size, was the an- 
swer. The inlet is connected with the main 
steam-distribution header carrying steam at 
220 psig and 500°F. The cooling-water supply 
is at 450 psig and 200° F. The specified pressure 
range is 425 to 475 psig. Cooling-water flow is 
automatically regulated by a Copes-Vulcan 
Type CV-D valve operated by a temperature 
controller in the steam heating supply line. 
Flow requirements at discharge temperature 
within + 5° F have been met consistently though 
inlet temperatures vary from 520°F to 550°F. 


Copes-Vulcan desuperheaters are designed for precise control of reduced steam tem- 
peratures under the most difficult operating conditions. 

In addition to the Variable-Orifice, two other types are available. The Carburetor-T ype 
desuperheater injects cooling water into the system with a spray nozzle. Available in 
standard 2-inch through 12-inch sizes in 150- through 600-pound pressure standard for 
cast steel. Larger sizes and higher pressure standards are available on special application. 
Write for Bulletin 1056. 


Steam-Assist desuperheater has negligible permanent pressure loss on loads of 15% to 
100% of maximum. This in-line desuperheater normally uses assisting steam only on light 
loads where control is most difficult. Write for Bulletin 1024-A. Copes-Vulcan Division, 
Erie 4, Pennsylvania. 

Copes-Vu/can Division 


BLAW/-KNOX 


Bilaw-Knox designs and manufactures for America’s growth industries: METALS: Rolling Mills « Stee! Process- 

ing Lines * Rolls * Castings * Open Hearth Specialties « PROCESSING: Process Design, Engineering and Piant 

BLAW-KND Construction Services * Process Equipment and Pressure Piping * CONSTRUCTION: Concrete and Bituminous 
p Paving Machines * Concrete Batching Plants and Forms « Gratings * AEROSPACE: Fixed and Steerable 

Antennas * Radio Telescopes * Towers and Special Structures * POWER: Power Piant Speciaities and Vaives 
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COMBUSTION’S ANNUAL 


A REPRESENTATIVE CROSS SECTION OF 1960 C-E INSTALLATIONS 


This 110-mw unit went into operation at the Ocotillo Steam 
Electric Station of Arizona Public Service Company. It is a 
Philadelphia Electric Company. The 325-mw unit is designed C-E radiant reheat boiler, fired by natural gas and oil, and 
to provide steam at 5000 psi with superheat and reheat produces steam at 1925 psi. Superheat and reheat tem 
temperatures of 1200F / 1050F /1050F peratures are 1OO5F /1005F 


This pulverized coal fired C-E Sulzer Monotube Steam Gen 
erator went into service in 1960, at the Eddystone Station of 











A 500-mw unit was placed in service at the Widows Creek This C-E Controlled Circulation, radiant reheat boiler was 
Station of the Tennessee Valley Authority in 1960. It is a placed in service at Montrose Steam Electric Station of 
C-E Controlled Circulation, radiant reheat boiler, pulverized Kansas City Power & Light Company in 1960. The 156-mw 
coal fired, producing steam at 2450 psi. Superheat and unit, fired by pulverized coal, produces steam at 1925 psi 
reheat temperatures are 1053F/1003F with superheat and reheat temperatures of 1005F /1005F 


ALL TYPES OF STEAM GENERATING. FUEL BURNING AND RELATED EQUIPMENT: NUCLEAR REACTORS 
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STATISTICAL REPORT 


In 1960, the electric utility industry placed in 
service about 10,800 megawatts of new thermal 
generating capacity.” C-E’s contribution to this 
total was 4,678 megawatts and included two note- 
worthy firsts. One, a C-E Controlled Circulation 
unit is the world’s first boiler to serve a 500 mega- 
watt turbine-generator. The other represents the 
most advanced power plant cycle yet attempted. 
It is a C-E Sulzer Monotube Sieam Generator 
designed to deliver 1200F steam at a pressure of 


5000 psi to a 325 megawatt turbine-generator. 


Both of these units were placed in commercial 
operation in 1960. 

During the year, the electric utility industry 
ordered approximately 3,700 megawatts of new 
boiler capacity from C-E. Over 80% of this total is 
to be served by C-E Controlled Circulation Boilers. 
More than 60% of the total capacity ordered is for 
turbine throttle operation of 2400 psi and above. 
C-E’s 1960 order board shows a total of 5 units 
with capacities of 300 mw and above, including 


one 500 mw unit. 


THE C-E CONTROLLED CIRCULATION STORY 


Total capacity ordered, as of year-end 1960 


Total capacity in service, as of year-end 1960 


Capacity ordered in 1960 


Capacity placed in service in 1960 


THE C-E 2400 PSI STORY 


Total capacity ordered, as of year-end 196C 


Total capacity in service, as of year-end 1960 


Capacity ordered in 1960 


Capacity placed in service in 1960 
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The Bayer Balanced Valved Soot Blower 
is a single-chain operated design that as- 
sures precise sequential operation of the 
valve and element. Only after the start 
of full steam flow does element rotation 
commence—a feature which provides posi- 
tive and efficient cleaning over the entire 
arc. . .without wasting steam. 

The Bayer Soot Blower is simply op- 
erated by a pull on the chain which opens 
the cam-actuated valve. Continued pull- 
ing of the chain slowly rotates the element 
through its cleaning arc, at the end of 
which the valve automatically closes. 


Quick Opening 
Bayer Soot Blower 
Valves Assure 


¢ 100% cleaning efficiency 
° minimum steam consumption 


e superior high temperature 
resistance 


For severe high temperature locations, 
“super service’ elements of Bayer-devel- 
oped “Chronilloy” are available. Of su- 
perior strength, wrap-resistance, and sta- 
bility, these elements resist the oxidation 
and chemical action caused by very high 
temperature gases. 

In over fifty years of continuous special- 
ized service, the Bayer company has 
equipped more than 35,000 boilers with 
dependable soot blowers. Engineered for 
long life and low maintenance, Bayer 
products assure economical and trouble- 
free operation. 





single chain operation 

individual elements adjustable for high pressure 
service by orifice plate valve 

full steam pressure over entire cleaning arc 

selected gear ratios for optimum rate of element 
rotation 





ADVANTAGES OF THE BAYER BALANCED VALVED SOOT BLOWER 


® minimum pressure drop through valve body 

@ machined air seal with spring loaded seat 

® complete vacuum breaker protection 

® precision swivel tube alignment lessens stuffing 
box packing needs 

® load carried on ring type thrust bearings 








For further information contact the Bayer representative nearest you. 
He is an experienced engineer, qualified to service Bayer Soot Blowers. 


Agencies 


Boston 
Seattle 
Paul 


Cleveland 
Detroit 
Pittsburgh St 


New York 
Philadelphia 
Chik ago 


Cincinnati 


Los Angeles 


Indianapolis 


Washington, D.C. 
Atlanta 
Tulsa 


Salt Lake City 
Houston 
Kansas City 


Charlotte 
Richmond 
Denver 


4030 Chouteau Avenue, St. Louis 10, Missouri 
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new Yarway Unit Tandem Valve for 
blow-off service up to 665 WSP... gives 
you the same time-proven dependability 
of the famous 1500 and 2500 WSP Yarway 
Unit Tandem design. Streamlined, light in 
weight, easy to operate, tight sealing, 
with minimum maintenance. 


Ask for free Bulletin B-435, Supplement A 


YARNALL-WARING COMPANY e 100 Mermaid Ave., Philadelphia 18, Pa. 


TIGHT 





TOUGH 
Sealing valve is 
time-proven Yarway Blowing valve features 
Seatiess design. : Stellite-faced disc an 
integra al stellite seat 


Both valves, mounted 
together, permit 
more compact piping 
with reduced. weight 
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Grinnell shop-fabricated piping is 
3 ways better than field-fabricated piping 


1. Strict quality control. Piping fabri- 
cated in the Grinnell shop is made 
under the strictest quality control 

with the help of interpretive engineer- 
ing, metallurgical research, skilled per 
sonnel, specialized facilities and rigid 
inspection at every critical step. Piping 
fabricated in the field is not made under 


these ideal conditions 


2. One-company responsibility. Shop- 
fabrication by Grinnell makes one 
experienced organization responsible 


for material procurement, engineering, 
fabrication and delivery. These many 


interrelated factors are kept in balance 
to give you quality at an economy price 


no runaway costs 


3. Costs known in advance. With 
Grinnell, you know all costs — includ- 
ing shop sketches and planning, mate- 
rials, power services, expendable tools 
and supplies before you start the job 
Grinnell shop-fabricated piping always 
meets your exact specifications 

whatever the size of the job. For your 
next piping installation, write: Grinnell 
Company, Providence i, Rhode Island. 


GRINNELL 


Pipe Fittings, Valves, Pipe Hangers, Prefabricated Piping, Unit Heaters and Piping Specialties 


Branch Warehouses and Distributors from Coast to Coast 


Y 


Special jigs and turntables allow Grinnell! oper 
ators to we from best positions, assuring 
superior weld quality 


Lagonda cleaning removes sand, scale, rust, weld 
spatter, other foreign matter from inside piping 
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DEARBORN’S FULL-RANGE 
PRODUCT LINE SERVES ALL 
YOUR WATER TREATMENT NEEDS 


Check the Scoreboard !...How many of these does your plant need?* 


Boiler Water Treatment, Sludge Dearborn® 66, 201, 240, 241, 242, 245, 247, 250, 251, 253AF, 281, 
Conditioners and Anti-Foams 291, 659, 669, 679, 689. 


Polychrome® 501, 505, 525 and Dearborn 533 with Endcor® A; 


] 7 . 
Cooling Water Treatments Dearborn 860 with Endcor B; Dearborn 143, 846, 862, 888. 


Steam and condensate Super Filmeen® and Super Filmeen 20—filming amines 
Corrosion Inhibitors Alkameen® and Alkatro! —neutralizing amines. 


Biocides Dearcide® 702, 703, 707, 711, 717. 
Coagulant Aids Aquaflioc 420, 425, 430. 


Process Antifoams Ex-Foam® 630, 631, 635, 636. 


Scal iD ER Scale-Cleen —inhibited dry acid. 
oe a Dearborn 134—inhibited hydrochloric acid. 


Before and after sale—covering all your potential water problems 
Consulting Service 
from source through reuse to disposal. 
Chemical Feeding Equipment; 


Most complete of any water treatment company. 
ion exchange resins 


Experience Three-quarters of a century—longest of any Company in the field. 


*Partial list of products. Most are available in economical powder or easy-to-use briquette form 


Unfortunately, there’s no panacea—no universal cure-all—for industrial 
water treatment problems. 


That’s why Dearborn’s full-range product line—the most complete in the industry 
is critically important. Because of it, Dearborn engineers need not “‘make do”’ 
with something almost good enough. They have available the exact chemical 
combination best suited to the job—combinations developed by Dearborn research 
laboratories and proved in Dearborn’s 75 years of experience—longest in the 
water treatment field. Many of these product combinations are protected by U. 8. 
patents and are available only from Dearborn. 

Dearborn’s water treatment division has eleven district offices in the United States 
and Canada and a trained field staff of 90 to serve you—before and after a sale. 
Call your nearest representative today. Or write for our Bulletin outlining 
Dearborn services and how they can end your water treatment problems. 


BORN CHEMICAL COMPANY 
General Offices: Merchandise Mart, Chicago 54 + Dallas + Des Plaines, Ill. + Ft. Wayne « Honolulu 
Linden, N.J. + Los Angeles + Nashville « Omaha + Pittsburgh + Toronto « Havana + Buenos Aires 
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The Story of Edward Research 








and the Foolproot Check Valve 


The design of the Edward tilting disk check valve started with a single objective: 
one-piece body construction. Edward designers were convinced that they could achieve this 
essential objective and, at the same time, assure ease of inspection and maintenance after 
the valve was welded in the line. Ideally, the valve also had to have these four important 
operating features: 1) Tight seating; 2) Non-stick operation; 3) Quiet, slamless closing; 
4) Low pressure drop. Six years of research and testing gave them these desired features, 
and made possible this Edward success story. 


ONE-PIECE CONSTRUCTION 


Both manufacturing and engineering consider- 
ations indicated the wisdom of a design with the 
seat at a right angle to the pipe line. It was also 
essential that gravity close the disk, whether the 
pipe was in a horizontal or vertical position. 
Edward engineers solved this dual problem by 
welding a counterweight to the disk so that the 
force of gravity would pull the disk down tight on 
the seat whether the valve was installed horizon- 
tally or vertically. With this new disk idea, the 
valve seat could be formed of a single circular 
weld deposit of Stellite, and could be machined 
and finished through the end of the valve. The 
resultant one-piece body is virtually impervious 
to leakage or distortion. 


TIGHT SEATING 

Getting the disk to seat tightly was especially 
important because even a small amount of reverse 
flow was a hazard to pumps and compressors. 
Edward designers, after experimenting with sev- 
eral pivot positions, pivoted the disk half-way 
between its center and the upper seating surface. 
The tapered Stellite-faced disk closes on a tapered 
Stellite seat in the manner of a globe stop valve. 
When flow reverses, the larger lower portion of 
the disk swings downstream while the smaller 
upper portion swings upstream. Utilizing both 
gravity and the force of reverse flow, perfect 
alignment and tight seating are achieved. 


SLAMLESS, NON-STICK OPERATION 

The unique Edward water flow test loop with 
its 2,000,000 lb per hour capacity closely simu 
lates actual service conditions. Edward research- 
ers could observe the effects of vibration and water 
hammer at all stages of tilting disk development. 
Designing the valve to close quickly —before re 
verse velocity could build up—virtually elimi- 
nated slamming and vibration. Three features 
make this possible. 


Director of Engineering 
and Reseorch L. H. Carr 
ond Plant Superintend 
ent R. E. Rost observe 
test for disk position in 
relationship to pressure 
surge Potentiometer 

dications of disk pos 
tion ore transmitted to 
ond recorded by oscil 
lograph in 1/100 second 


intervals, 


First, the disk is dome-shaped to avoid the hesi- 
tation of motion characteristic of flat disks. Sec- 
ond, disk travel is minimized by pivoting the disk 
in the flow stream. Finally, torsion springs en- 
closed in the pivot pins accelerate closing action 
from the full-open position. The valve closes effi- 
ciently and aukloves maximum opening even at 
lowest flow rates. 


LOW PRESSURE DROP 


Minimum flow resistance was achieved through 
»ainstaking design of all surfaces in the flow line. 
Pull port seat design plus streamlined disk and 
location of the counterweight out of the flow 
stream resulted in minimum pressure drop. 


A FOOLPROOF VALVE 


By tackling each problem separately —but al- 
ways in relation to the entire design—Edward 
researchers came up with a tilting disk check valve 
that operated like no other check valve. It was 
dependable because it always functioned, effec- 
tive because of its tight seating and low pressure 
drop, unique because it greatly minimized slam- 
ming, vibration, and water hammer. 

This is the same tilting disk check valve, de- 
veloped and patented by Edward Valves, that is 
so widely used in today’s conventional, super- 
critical and nuclear power stations. Edward 
Catalog 14-Y gives full details. 

Edward builds a complete line of forged and 
cast steel valves from \* to 24° for power, indus- 
trial, marine, and petroleum services. For more 
information, contact your Edward Representa- 
tive, or write Edward Valves, Inc., 1206¢West 
145th Street, East Chicago, Indiana. Subsidiary 
of Rockwell Manufacturing Company. Repre- 
sented in Canada by Lytle Engineering Special- 
ties, Ltd., 438 St. Peter Street, Montreal. 6023 


EDWARD STEEL VALVES 


RocKweiL® 





Cut-away view of Edward filting disk check valve shows torsion 
springs enclosed in pivot pins, pressure seal cover and other 
design feotures. 


In the open position the disk rests against o stop, thus 
minimizing disk flutter. Careful design of disk facilitates 
maximum opening, even ot extremely low 


flow rates. Ww 





This green liquid column could be 
your boiler water level - 








a true check on your boiler’s safety by the 


Reliance EYE-HYE 


Easy to read, like the conventional boiler gage, the 
illuminated green fluid gives you even sharper indi- 
cation of where water levels stand. EYE-HYE can be 
placed at any vantage point, on panel, post or wall 
Manometric operating principle insures perfect meas- 
urement, sensitive to slightest level changes. 


Easy to install, easy to maintain. With no mechanical 
working parts to fail — no gears, magnets, diaphragms 
or linkage — it’s simple, fool-proof. No adjustments 
Each EYE-HYE is factory-calibrated to your water 
level range and working steam pressure. 

Various EYE-HYE models fit any remote gage need 
— for boilers, tanks, storage vessels — any visibility 
length, any working pressure. Wide vision facility 
makes reading visible from wide area . . . For safe, sure 
check on boiler water levels, write the factory for 
full EYE-HYE information. 


The Reliance Gauge Column Co. « 5902 Carnegie Ave., Cleveland 3, Ohio 
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New Books 


of these may be secured by writing 
tion Put hing mpan y 200 
A venue New York 16. N ¥Y 


Management of Nuclear Material 
By Ralph F. Lumb 
526 pages, $16 50 


his volume contains all the essential 
information on nuclear materials con 
trol, evolved for the atomic industries 
by the U. S. Atomic Energy Commis 
sion and its contractor The volume 
deals with the control of two principal 
matenals—uranmium and plutonmum 

rhe principles and techniques in 
this book have beet ryamzed to ud 
readers of varied backgrounds to under 
stand and apply them wherever there ts 
a need t handle source and pecial 
nuclear material 

Phe book is divid 

Basic managen 

Procurement and 
materials: 3— Material 
Reactor fuel fabricati 
operation t Recover 
scrap; and 7—Researcl 
ment faciliti 


Controlled Thermonuclear Reaction 
By Samvel! Giasstone and Ralph H. Lovesberg 
523 Les $5 60) 


This treatise 
principles and experim 
in an effort t i p pr 
which might 
trolled energy, bi fusion 

The treatment is directed primaril 
to experimentalist 1 
challenge te the 
scientist and ad 
physics 

The subjects cov 

Physical conditions 
reaction: Possibk 
trolled fusion 
theory Formation 
plasma; plasma « 

Phe pinch eTiect Th 
Magnetic mirror systems 
stem; Proposals for « 
heating Energ losses 


laws: Plasma stability 


Applied Thermodynamics 


By Stanley H. Branson 


30) pages $6.00 


[his text provides log 
from the first principles and application 
of these functions, to the basic opera 
tions of physical chemustr chemical 
and fuel technology, and heat engineer 
ing 
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Will you help us 
to do a better job for you? 


An editor’s most difficult job is to know how well his 
magazine is meeting the various interests of its readers. 
While we get many letters about individual articles, what 

we need is an indication of relative interest in ALL the 
editorial in a particular issue from a larger number of readers 


enough to give us a good cross section of reader interest. 


To assist in the classification and analysis of this information 
we ask you to indicate the industry with which you are 
associated and your title or position. 

No stamp or signature required—just mail back to us. 

Thank you for your cooperation. 


How much of article Of what interest was 
did you read? the subject to you? 
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this card now and A Gas Turbine “CO” Boiler installation; 
' Economic and Thermodynamic Analysis 


that you remove ; Title of article | None Some! Half All | Major | erate 





clip it to the front 


: Furnace Safeguards Panel—Il! 
cover as a re- 





, , Pneumatic Material Handling System 
minder to fill it out : sSotves Difficult Fly Ash Disposal Problem | 
; 








when you have ; steam Power Plant Clinic—Part Xxill | 





finished your 


— American Power Conference in Review 
perusal of this issue. 
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... help us make COMBUSTION a better magazine. 
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IN A STEAM 
GENERATING PLANT 


the next hest thing to 
Electricity® is a Valley Camp 
Quality Coal 














Valley Camp Quality Coals are deep mined by the most 
advanced mining methods. They are exactingly sized, washed 
and thermally dried. They produce a high degree of uniform 
heat content, therefore are extremely well suited for steam 
generating plants. 


Our combustion engineering service will be pleased 
to discuss your steam generating problems .. . without 
obligation, of course. 


THE (@4 VALLEY CAMP COAL COMPANY 


Western Reserve Building °©¢ Cleveland 13, Ohio 


SUBSIDIARIES 
Greot Lokes Cool & Dock Co., Milwaukee, Wis. © Great Lokes Cool & Dock Co., St. Paul, Minn. © Fort William 
Coal Dock Co., Ltd., Fort William, Ont. « The Valley Comp Coal Co. of Canada itd., Toronto, Ont. © Kelley's Creek 
& Northwestern Railroad Co. © Kelley's Creek Barge Line inc. © Pennsylvonio & West Virginio Supply Corp. 


SALES OFFICES — 
Philadelphia 7 Baltimore . Buffalo . Pittsburgh . Wheeling . Cleveland . St. Paw!l 


* Cincinneti «© New York « Milwavkee © Superior, Wis © Fort William, Ont © Toerents, Ont 
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COLLECTING 
ELECTRODE DESIGN 
ANOTHER REASON FOR 
SUPERIOR 
PERFORMANCE OF 
BUELL 
PRECIPITATORS 





EASE OF HANDLING AND INSTALLATION 











‘eo; 
‘eo; 
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HEAVIEST CONSTRUCTION, ONE-PIECE FABRICATION 


retair 














O- 


POSITIVE “ SHEARING ACTION” DESIGN 


‘ 


n rapping. Each row 


r tal 
eparately 








OPTIMUM FLEXIBILITY IN DESIGN OF PRECIPITATOR 


Add to this Buell’s exclusive baffling system 
adjustable after installation for uniform distribu- 
tion of gas flow, sealed insulators, rigid, 4-point 
suspension of emitting system, and high emit- 
tance, minimum maintenance Spiralectrodes 
and you have a combination that’s hard to beat. 
You'll be glad you decided on Buell precipitators 
when you experience superior performance and 
minimum maintenance. Buell Engineering Com- 
pany, Inc., Dept.70-D, 123 William Street, New 


York 38, New York. North- 
ern Blower Division, 6413 
Barberton Avenue, Cleve- 
land, Ohio. Electric Precip- 
itators * Cyclones + Bag 
Collectors * Combination 
Systems « Fans « Classifiers 
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Minvssiion 
Ss 


GUEST EDITORIAL 





On Hard-Head Engineers 


I am intrigued by the high rating “science and research’”’ 
ipparently enjoys among those who are responsible for some of 
our magazine and television advertising. 

Scientific research, almost every day it seems, is rewarded 
with break-through after break-through. One day it is a new 
cigarette filter, the next an astounding new drug to put new zip 
into an old sag. Or else a magic formula to make straight hair 
curly, curly hair straight or, perhaps, bring it back if it’s gone 
iway. 

All, mind you, a ientific as all get-out, as proved by the 
pictures of men in white coats peering into test tubes. 

It makes mea little sad. True, if you define science as knowl 
edge, as they did when I went to primary school, you might 
make out a case of science for each advance in knowledge, even 
in improved shape of a liver pill. But a break-through? 

Scientific break-throughs, as I understand the term, are pretty 
rare. Newton's concept of the role of gravity, Pasteur’s proof 
that rabies was caused by germs, tomorrow’s isolation of the 
primary cause of cancer—and the orbiting of Sputnik | 

Break-throughs, certainly, played a part in the truly impres- 
sive advance in applied science since the beginning of the 20th 
d doors needed unlocking. It is more true that the major part of the progress was 

hipping away at immediate problems by men in industry who find their work in 


James F. Fairman 


VICE-PRESIDENT, CON EDISON 


Century Some close 
due to the day-to-day 
teresting, sometimes engrossing, but who would scorn to call it glamorous 

I choose to call these men—and there are some women—-the hard-head engineers. Among them you'll 


find a few scientist me pure researchers and a great many professional engineers, most of them anony- 


mous 
I know this is true 
company, tor instance 


the electric utility industry, the one with which I am most familiar. In my own 
we have traveled in the span of a man’s lifetime from Edison's Pearl Street power 
were stoked with coal brought through city streets by horse and wagon, to our 
Indian Point statior the Westchester hills where the basic fuel will be uranium and thorium, both un 
heard of by the man in the street fifteen years ago. And where, incidentally, the operating employees will 


house, where the boilers 


routinely control esoteric forces known, even a decade ago, only to an initiated few 

We can claim no break-throughs. Actually, in all of electrical history there has been no Copernicus, no 
Newton or Einstein lo be sure, there were men like Franklin and Volta and Faraday, each contributing 
i building block. And men like Edison and Westinghouse and Tesla, exceptionally practical mechanics 
with a gift of putting building blocks together 

Hard-head engineers ail of them. Their successes are mirrored in the approach and method of the 

lustry today who apply themselves daily to the special needs of the enterprises 

which employ them and the public these enterprises serve. They seek solutions which meet practical re 
h are realistic in economic, engineering and even social terms. They get few laurels 
One job succeeds another, and they know that for every existing technique 
They are indispensable to the industry which employs them and, as 


hard-head engineers 1 


quirements, and whi 
and less time to rest on them 
and design, there is a better way 
such, vital to the welfare of the nation 

In this time of international competition in every technical field, our appreciation of the hard-head 


engineer should give us more comfort than a pathetic faith in miraculous break-throughs 


~ Sc Pumiian: 
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Fig. 1—Gas turbine CO boiler flow diagram 
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A Gas Turbine “CO” Boiler Installation; 
Economic and Thermodynamic Analysis 


CHARLES BULTZO? Humble Oil and Refining Company 


The paper presents a detailed thermodynamic analysis 
of a combined gas-turbine ''CO”’ boiler installation. 
Regenerator flue gas with 9 per cent CO is burned 
to CO? using gas-turbine exhaust which contains 17 
per cent O*. In addition, the first costs of a steam- 
turbine drive is compared to that of the gas-turbine 
installation. The summary is a comparison of the 
anticipated efticiency with those being experienced. 


SSENTIAL to fluid-catalytic-cracking operation is 


the need for regeneration ait During the time of 


reaction in the hydrocarbon stream, carbon is 
deposited on the catalyst In 


carbon, air is supplied in the regenerator and the carbon 


order to remove this 
removed by burning, which produces large amounts of 
CO and CO The CO, COs, No, H»O (due to burning of 
some hydrocarbons), and remaining O 
Usually 


heat recovery is employed to utilize the sensible heat in 


are separated from 
lorm ol waste 


the catalyst by cyclones some 


this gas stream (regenerator flue gas 
High-capacity air blowers are usually used to supply 
In the 


were 


the regeneration air past, large steam turbines 


or electric motors used to drive the air blowers 


Integral with the design of new cracking facilities is the 
the 
two 


study of the utility complex, a part of which is 


steam-generation capacity rhe steam demand of 


2000-hp steam turbines could possibly require additional 


Presented at the ASME Ga 
Washington, D. (¢ March 

? Senior Mechanical Engineer, T« 

Also author of the paper 7) 
Problem and Performance E xhit 


22 


idditional 


existing 


steam-generation facilities or the purchase of 
electrical to balance the 
power-generation Capacity due to diverting steam to the 


power reduction of 
new blower turbines 

Chis paper will attempt to discuss the economic study 
made that resulted in the selection of two 5000-hp gas 
blowers and CO boilers used for 
waste-heat \lso 
the form of heat balances are 
CO boiler, and the 


turbine drivers for the 


recovery thermodynamic analyses in 


made on the gas turbines 


evel 


combined 


Selection of Equipment 


\ number of cases were studied Che common datum 


was the case which included steam-turbine drivers 


low investment cast Che final analysis 


CO boiler installation 


which was the 
was made using the gas turbines 


which was the most economically attractive case with 
this 
marized as follows 

Case I 
to be used with two CO boilers, each « ipable ol generat 
ing 179,000 lb per Included in 
for ductwork an 
+} 


iis 


low-investment case These two cases are sum 


rhis case includes two 5000-hp gas turbines 


hr of 600 psig steam 
was the investment necessary 
facilities The 


gas to the turbines 


this case 
operating cost Ior 
1 } 1 


ing Doue»rs 


water-treating 
installation included fuel 


maintenance, taxes, and depreciation The operat 


cost credits included were the eliminatior 


purchased 


power required by Case II, shutting down one 


house, reducing steam-generation requirements 


other, and the subsequent fuel savings Table I 
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am turbin 


flue-ga 


se Il 


necessa©ry 


This « 
steam piping to supply 


two 5000 hp steam tur 
$14,000 Ib per 


hr of 600-psig steam, and regenerator flue-gas-handling 


facilities. The operating t for this installation in 


cluded the cost of purcha power due to reduction of 


ivailable for pow generation, maintenance 


nd depreci tio! Dl ] 


ummarizes this analy 


will be noted tha he estimated return on Case | 
ire taxes was 44 Actual cost of the gas 


urbine installation wa itely 20 per cent higher 
estimated is increa over the was 
of the ductwork How 
owing to an increa i iel costs and related pur 
of the 


of approximately 50 


estimate 


primarily to 


power! two cases today 


Heat Balance Gas Turbine CO Boiler 


to effect a heat balance 
boiler Fig 


lation 


,4 


I ; 
gas turbine and CO 


shows d 
| shows the 


gement of t 


Data Qualification 


All enthalpy calculatior vere based on heat content 


ve 83 I the drv-bulb 


nent 


temperature For 
nplicity, the lower heatins lues of the 
is streams : é the basx 


of these 


natural and 
calculations 
TAs vere taken and heating values 


elhiciencies 


ilculated However, for enience, the 


hi [ lower heating values 


expressed in both 


iust gas, regenerat 


position of th 


was determined by 


The Gas Turbine Heat Balance 


Knowing the turbine t-gas composition and 
the gas-turb if l 


the fuel fired g rate was calculated 
methods contained 1 ASME Code rhe heat 


ince around the turbins irized in Table III 
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HEAT BALAN( 


O44 Btu per 


mated 


Difference x 1 
LH\ per cent 
HHY 1051 Btu per 


il efliciency 


lethcrencs 


Btu per hr 
~ 10 
Heat 
LH\ 


heat in turbine ex 


Fuel gas fired 
Sensibl 
Sensibl 
CO gas fired 

Boiler feedwater 


aust ga 


heat in regenerator ga 


eat out 
team 
Blowdow! 
Stack 


600 psi 


Difference 530.34 
or 2.4 per cent 

efficiency (LHV), per cent 
ff y (HH\ 


estimated b manutacturer 


per cent 


Phe thermal HHV\ 
per cent lower than that estimated by the 
lacturer 


efliciency is approximately 0.5 


turbine manu 
However, this discrepancy may be attributed 
to errors in fuel rate, exhaust-gas analysis or the 15 
per cent incre ised capability on the machine at the time 


of the test 


The CO Boiler 


heat balance of the CO boiler is 


The summary of the 


ven in Table IV 


yi 


The Combined Cycle 


The combined cycle heat balance is summarized in 


Table \ 


Summary, Heot Balances 


The key to the difference in closure on the boiler 
appears to be the variation of the calculated and meas 
ured amounts of CO, in the flue gas after the economizer 
gas turbine, the 


However 


Owing to the good closure around the 
calculated air rate is presumed to be good 
during normal operation a small amount of the turbine 
exhaust gas is bypassed in order to maintain the desired 


Phis 
To effect closure 


feedwater temperature and steam rate inalysi 


issumed no loss to the bypass stack 
mounts ol ga 


the basis of bypassing the necessary 


Continued on pp 26 





DATA UsEep 
I 


P 
p 
rpm 


Air Rate 


Barometer 
Fuel RS_O00 sef 


Btu per Hr (HHY\ 
R307 & 10° Btu per hr 


Gas Tursine Heat BALA 
Gas Turbine Load 
At the time of te 

psia inlet pressure 


to convert scin 


(GAS TURBINE Air R 


Fuel Gas Fired 


RN 


mbustior 
Che combu 
ing equation 


SUMMATION 


Btu per 
hr 
Heat In 
Dry Air 
Water Vapor 
Heat of Combusti 


ye 


Difference 83.40 
l 


3 Btu x y 


lifference is 0.4 


Weight of Dry Exhaust Ga 
Using the ASME Power Test Code for Stationary 
Generating Units, Para. 132 


Weight of dry exhaust gas i 


, pounds per hour 


om" 
Lb of Fuel 


11CcCO. + 8O r + CO Wt 


36.675 


Weight of Dry Air to Turbine 
Dry Air Lb per Hour Dry Fuel Ga 
336675 + S531 306; 


341239 


Water Vapor in Atmospheric Air 
sing the Psychometric Chart, tl 


¢ water v ipor 
nospher ur was calculated to t 


ve HHUl pounds per 
NSIBLE Heat IN TuRBINE ExHaAust GAS 
onent Mol ©“ X Mol Wt Wt Lb per Hr 
6 xX 22 9 5 eS 261764 
64238 


106; 


53667 5 


Btu per Hr 


Heat Out 

Load 

Turbine Exhaust 
Losses ( Estimated 


0.33 Btu < 10° 
o of the total input 


HH\ 


x 100 


, 93 
92.44 
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i I I rable II 


CO Borer He 


nee " Oopposit« 


r 


page 
was 286,083 
ire calculated 


regenerato , 
egenerat aust to Boiler 


and N 


we igt t 
ounds per fo. 
Wt Lb — 
per Hr 


113 


Wt 
21) 


HH 


Natural 
lurbine 
of 


Products of Combustion of 
Using the same procedure as in Gas 
page, the products 


and 31,373 scfh of 


ms, on 
# natural ga 


be 


ulati opposite 
HOM f} 


termined 
Lomponent 
CO. 
H,O 


ifol 
137 
i524 
“ 128 


ater 
Atmospl 1096 
Burned Hydri« 


Stean 


ere 
1096 + 2071 
Calculated 
Component 


rn 
LOO 


¥ 
S050 


100 


10 


Borter STAcK GASES 


Mols 
Mol Wt Lb per 
14,802 * 28 1] 
96 & 32 th 
O71 & G1 


44 
761 « 18 10 
587 


ms 


i 


HR 


Kf) 


SENSIBLE HEAT FRED WATER PREHEBATER 
Lb per Hr 
64 942 
15,974 
618 
3,753 


1,233 


.¢ 


omponent 


ind Refinery 


refinery 


Hr 
Mols per Hr 


7081 
1513 
180) 


632 


Ye 


(sas 


Air Rate Cal 


combustion of 


gas were de 


Measured 
Mol. “ 


Btu per 
Hr 


If 


a 
52 06 
+04 
10.48 
11 68 


‘9.15 


STACK GASES 


Btu Hr 


x 


per 
1(¢ 

7.14 

16 


ft} 





SUMMATIO® 


He 


steam 


Heat In it Out 


Sensible Heat HOO psig 
Sensible Heat ene 3 Blowdown 
Heat of Combustion of 32 Stack Gases 


Heat of Comb ion of | ; f Loss Estima 


Boiler Feed W 


Difference 9.34 331.08 
This 8.26 Btu * 1° difference is 


8.26 Btu per Hr K 10 
24° 


f the total input 


236.99 


HH\ x 


3.76 


“ 


fanufacturer Estimated HH\ 
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Btu per 
Hr 

x 1 

240.99 
5.29 
BR YU) 


5.Y 


331.08 








LI COMI ml CY in the flue gas after the economuzer Since the ¢ era 
I iccepted instrument error ot ipproximately ; per cen 
a is consistent with the difference in closure ttempt 
ge LH ~ was made, other than the foregoing review, t OVE 
ible ti the closure on the CO boiler 
a4, i , From the foregoing it is felt that both the turbine and 
) boiler manutacturer have fulfill their rantee 
H ut requirements Service factor on the gas turbine ha 
“ oO beet the leagus WY per cent, confirm t rel 
~ apt , a8 0 ibility as a prime over Further applicati the 
I ‘ imate m gas turbine is being considered with waste heat used ) 
5 only to generate steam but also as a source « reheat 
a. . , ; on hydrocarbon strean 
I LH HS 
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would have to be bypassed Phis amount was felt to be kind understandy luri the reparation of th 
excessive Che other possibilities are ill errors in th aper 
regenerator flue-gas analy particularly the CO and j ERI I 
the amount of tuel gas fire to the boiler \n imecrease Hf , 
ither or both would result im ik ©» and re CO nee York 
Th j | 
e Challenge of The Electric Power Industry 
By SHERMAN R. KNAPP 
President, The Connecticut Light and Power Company which the job 1 hold the futur In this connec 
and Edison Electric Institute tion, I remember indoctrination meeting which I at 
tended as a freshman in electrical engineering at Cornell 
Ff THI i! proble which ar¢ concern t in the fall of 1923, almost forty years At the con 
© toda unagers of the electri wer ustry, one clusion of Professor Vladimir Karepettoff's talk to us, one 
of the most serious has to do with the future manpower of the freshmen asked him if he thought electric power 
which our industry is ¢ y to nee Che patter would ever be transmitted bv radi He answered 
growth for the past several decades | beer ne ot No, I do not think so because I think the power con 
doubling every ten year Our esti te ndicate that panies will always want to know where to send the bill 
t pattern will continue r at least the next twenty or In addition to being a world-famous engineer, Professor 
twenty-five ears [he et the ivestor-owned Karepettoff obviously had a good instinct for busine 
utility business now total e tl fifty billion dollars In spite of the fact that the electric power industry can 
ind we are spt ling ‘ r additions and better I longer be considered new industr it is still very 
ents at the rate ibout three halt billion dollar much in the growth category as I have alre vy pointed 
i year at the present time By the this decade out Chis me ; that there are « tinually new prob 
ur assets will bi er t billion dollars, and lems arising whi eed to be solves For the last several 
unnual construction expe ! will be running at the ears there has bee n increasing amount of research 
rate of ore tha 1x billions ! ll By Ss work done by the ustry as a whole, under the sponsor 
total assets should unt t NV ul red billx ship the Research Protects (¢ itte¢ the Edison 
ind the nual expe ire t t ti will be at Electric Institute his has bee ’ addition to the 
the rate « twelve bill These figures iny projects Carri m by indi ual ce pames ofr 
in themselves expla wl the vilit f well groups of compames Last fall, in recogmits the 
trained inpower i | Y essential t ur increasing interest industr research, the Edis 
industry if we are ¢ t u l 1 efthciently Electric Institute established eparate Research Di 
fulfill our re ibalita 1 t er | the publ« sion under the chairmanshiy Willis Gale, Chatrmar 
in general the Con mwealt Edis ¢ here in Chicag \t 
I am convinced that ‘ osedly si the present time. some eteen projects are being worke: 
security minded, are at t hallenges icluding such things as galloping « luctors, extra 
high voltage cable, flue gas contaminants, fly ash utiliza 
: , tion, and tree-growth control This last ite nay seem 
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ce 1s apparent when | 


ut Light and 


dollars a year to } 


Power 
lree trom interieren 
represents less t 
amount spent 11 
that 


ything in be 


1 
} 


1 lines without 


der our 
itenially reduce ur 


considerable 


he work lon 
field « 
ist year an article 
July-August ue of The Jlarvard Busine 
entitled \ ket Myopia by Theodore 


He talks 


articular 1 


be ing ¢ 


tf direct cony 


r of things, one of which 


llowing letter 
New Haven 


ived the fe 


who lives 11 


i meeting in southern 


i full-page 
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published 
nia Phe 


have | ird 


directly t 
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hese devices, all the electric power that is needed in the 


home could be supplied by the heat of combustion of 


presumably in some little black box in the 


natural gas 


hidden closet which Mr. Levitt refers to 

I have cited these instances to point out the importance 
to our industry of finding out all we possibly can about 
velopments and their impact on us. I can 
Levitt says, but I would like 


hidden 


new ck 
h much that Mr 
on his concept of the 


the sé 
‘ree wit 


ig 
to comment gadget in some 
ticking off electri 
technically a possibility, but there 
reasons why I think that the day ts 
the little black box in the back closet is going to supply 
ill the electric power needed in the home The greatest 
hurdle that with in up 
setting the existing system of electricity supply 1s an item 
that all people in the utility business are well aware of 
namely, diversity factor it would take a 
gadget having a capacity of 10 kw in order to supply the 
electric range of an individual home On the other hand 


take 


100 electric ranges on our 


closet of every home, silently power 


Ihis 1s ire a number of 
a long way off when 


such a scheme has to contend 


For instance 


; 60 kw of central-station capacity to supply 
rhis is 


it only 
distribution lines 


six-tenths of 1 kilowatt per range or one-sixteenth 


10-kw capacity ol the 


only 
is much as the home generator 
which would be required to serve the individual range 
Chis 
ipplication of electricity 1n the home It 
is that the total provided at the 


central station 1s 


factor of diversity exists with practically every 
overall effect 
generating Capacity 


only a fraction of the total capacity 
which would have to be provided by little black boxes 

Another 
supply of 
kilowatt of capacity and size of the 
prac tically all devices know of, or can concetve 
of today, the This 1s 


clearly evident in our conventional steam turbines and ts 


hurdle for the individual home 


relation 


mnportant 
electricity 1s the between cost per 
generator In 
which we 
unit cost varies inversely as size 
increasing use of larger and 
that in 
with 
must think 


half 


in important reason for the 


turbogenerators It is likewise evident 
order to make 


fuels as a means of generating electricity, we 


larget 


itomic energy competitive fossil 


in terms of large installations in the order of one 
million kilowatts or better 

rhe combination of diversity and cost-size relation 
ship constitutes the primary reason why we need not be 
concerned in the near future about our electricity supply 
systems becoming obsolet« Phere is still another reason 
which seems to me to be worth keeping in mind and may 
in tact to be controlling Last 
privileged to witness a demonstration of a magnetohydro 
Everett 


This device is a 


prove December I was 


veo Laboratories at 


) 
Boston 


dynamuc generator at the A 
Massachusetts 
means of generating electricity by forcing hot gases at a 


field 


steam 


outside of 


temperature of about 5300° through a magnets 
Whereas the thermal 


turbines has an 


efficiency of conventional 
limit of 


generator offers the 


upper ibout 40 per cent, the 


magnetohydrodynami possibility 
is high as 75 


percent this de 


of reaching ; 


per cent it 


i thermal efficiency of perhaps 
is evident, however, that 


vice is not a simple one like a storage battery, and | 
seriously question whether many house owners are going 
i black box If the 


will 


to want to play with that kind of 
MHD principle prove 
probably be 


economically practical, it 


used in large sizes in central stations and 


will constitute a further improvement within our present 


concept of power suy 1] 


27 





Power piping systems manufactured at Kellogg’s new Williamsport 
power piping center are unequalled anywhere in the world for quality. 
Due to skilled workmanship, experienced engineering supervision, 
and thorough technological back-up, each power piping system de- 
livered meets the highest standards ever established intheindustry. 

When Kellogg is also responsible for field erection, electric utilities 


are assured the ultimate in power piping service life for the mini- 
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mum over-all power piping investment. Kellogg’s Power Piping Division 
welcomes the opportunity to tell you more about its power piping cen- 
ter in Williamsport, Pa., and its manufacturing services located there. 
Write for a new brochure — soon to be available. 


POWER PIPING DIVISION / THE M. W. KELLOGG COMPANY 


A Subsidiary of Pullman incorporated 


Plant & Headquarters: Williamsport, Pa. Sales Offices: 711 Third Avenue, New York 17, N.Y. 
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POWELL PERFORMANCE PAYS OFF 


Any way you look at it, Powell Valve performance 
really pays off—performance that’s conclusively proven 
in power plants everywhere. 


You can find at Powell any type of valve you may need 
to handle water, oil, gas, air, steam, corrosive fluids, 
even molten metals and other radioactive materials 
used in atomic power plants. 


Consequently, Powell can help simplify flow control 


3 


projects and contribute real savings in time and 
money. For example, in describing a modern 125,000-KW 
steam-electric generating plant, a leading authority 
recently listed some 80 areas requiring a total of over 
1300 valves . . . Powell could have supplied almost 
every one. 

Learn how this Powell performance can mean a real 
payoff for you. Contact your nearby Powell Valve dis- 
tributor, or write direct. 


he 
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POWELL SIEELVA 
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COMBUSTION 


The need for free and open discussion of the 
problems the steam-raising industry faces in con- 
trolling _ boiler furnace explosions prompted 
COMBUSTION to stage a forum on this subject o 
year ago (March, April 1960). This year this same 
forum treatment was staged under the auspices of 
the Fuels Div. of the ASME. Last part of three. 


Furnace Safeguards Panel— Ill 


Individual Fuel Dangers 


Chairman Summers.... Let us use that to lead into a question, which is a little out of planned 
order, and ask what the feeling of the panel is with respect to the relative 
hazard of the three popular fuels—pulverized coal, oil, and gas. Could I 
have a show of hands as to whether you feel that all three are approximately 


} 


equally dangerous? That is eight 


J. U. Baley.... um glad we don't fire ga 


Chairman Summers.... his is usually the reaction of the one who doesn't fire it He 1s the 
most afraid of it 


L. H. Coykendall.... In preparation for that kind of question I went over a record of explo 
sions that we have had for four years. I will give you the percentages 


Chairman Summers... . rhe percentage of installations of each type? 


L. H. Coykendall.... I didn't get to that, but I have the percentages of explosions on gas, 
which was 48 per cent; on pulverized coal, it was 37 per cent, and 15 per 


cent on oil Chis 1s for utility units 


Chairman Summers.... From your memory is this approximately in the same order as their 
pI 
Irequenicy olf occurrence / 


L. H. Coykendall.... Phis is a record of explosions reported by our Service Department over a 
pe riod of four vears 


Chairman Summers.... Were there roughly half of the total number of boilers involved that 


fired gas? 


L. H. Coykendall.... In total nut of boilers in service firing eacl 


Chairman Summers... Il am asking from your recollection In other words, as you remember it, 
would it be approximately half, because it might be significant if you only 
had a small number of certain boilers and vet had « xplosions ? 


L. H. Coykendall.... This is a record of explosions that have occurred. This is the per 
centage that were fired by gas, oil, and coal of the total 
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THE SCHEDULED PANEL R. M. Lundberg, Efficiency Engr., Common 
wealth Edison Co 
Chairman: W. A. Summers, Mech. Engr., Ebasco E. R. Mitchell, Head, Combustion Research Se: 
Services, Inc tion, Fuels & Mining Practice Div., Mine 
Vice-Chairman: A. W. Hindenlang, Technical Branch, Dept. of Mines & Technical Surveys 
Editor, Combustion Engineering, Inc Ottawa, Ontario, Canada 
Cc. &. Parker, Asst. Genl Supt # Generation 

J. U. Baley, Asst. Gen. Supt., Electric Operations, Public Service Electric & Gas Co 
Baltimore Gas & Electric Co R. I. Wheater, Chief Proposal Engr., Steam Dept 
William C. Beattie, Asst. Vice-Pres. of Electric & Foster Wheeler Corp . 
Gas Production, Consolidated Edison Co. of New 
York, In 
L. H. Coykendall, Field Engrg. Coordinator, The UNSCHEDULED PARTICIPANTS 
Babcock & Wilcox Co., Boiler Div Russel R. Beal, Bailey Meter Co 
V. F. Estcourt, Mgr., Steam Generation Dept., Charles D. Birget, Commonwealth Associates 
Pacific Gas & Electric Co L. F. Deming, U.S. Bureau of Yards and Docks 
C. W. Kellstedt, Production Supt., Production M. D. Engle, Pennsylvania Power & Light Co 
Dept., Consolidated Edison Co. of New York, J. C. Falkner, Copes Vulcan Div. of Blaw-Knox 
Ine Paul Grossman, Combustion Power & Equip 
W. L. Livingston, Burner Group Leader, Krei ment Ltd., Montreal 
singer Development Lab., Combustion Engineer W. T. Reid, Battelle Institut 
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Chairman Summers.... Of the boilers that did explode ? 


L. H. Coykendall.... hat is correct. It is a little bit different on industrial boilers. Or 
industrial boilers, which have a higher percentage, surely, of boilers fired 
| 
by gas and oil, there was 61 per cent on gas as compared to 48 per cent on 
utility boilers. There was 21 per cent on oil There was 12 per cent on 
| | 
pulverized coal, and 6 per cent on sawdust and other waste fuels 


Chairman Summers.... ‘Would it be possible to relate this to total percentages installed, not 
today, but prior to the time some of this is published? I think it would be 
more meaningful because this way it could be highly distorted 


L. H. Coykendall.... “It is hard to do that because so many of the boilers are on dual fuels 
Sure, we could go over the record of our sales for that period and total up 
the number but this would not be a true picture either of the total number 
of boilers in service for each fuel rhis is a rather big job to do. | 
thought of doing it myself, but I thought these percentages of the total of 
explosions would be interesting because in each case the gas is the highest 
percentage. This does not, by the way, include package boilers 


Chairman Summers.... “But the ratio between gas and powdered coal is surprisingly close 


L. H. Coykendall.... “On utility units, that is right 


Chairman Summers.... Is there anyone here who has a strong feeling that gas is by far the 
most dangerous fuel? I see one 


L. H. Coykendall.... I believe that the reason for this is the general feeling throughout the 
industry that gas is an easy fuel to fire, and therefore, the operators become 
lax with gas. It is like dynamite if you don't handle it right rherefore, 
you get the highest number of explosions with gas because it is so easy to 
fire with it. It is so easy to handle that the operators become lax. Also, 
there is something in management on this business Men like Jim Baley 
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Chairman Summers.... 


A. W. Hindenlang.... 


L. H. Coykendall.... 


V. F. Estcourt.... 


Chairman Summers.... 


V. F. Estcourt.... 


R. M. Lundberg.... 
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and others in his position had better set up some gor “l operating procedures 
and then make darned sure that their operators follow them. I don't 
mean to imply that Jim has not done this because I know he has, but there 


are a number who have not done a good job in this area 


Is there anyone who feels powdered coal is the most dangerous fuel to 


fire? How about oil? 


Communications 


I don't think any fuel is more dangerous than the one you are firing at 
the moment. Could we get back to the question of communications, which 
I think is one of the most interesting things that has been brought up 
today and get anybody on the panel to volunteer just what information 
should be given to the operator Is television the answer? How much 


can he handle? 


I think that the units today are getting so large and the complications 
of the indicators and the charts and all of the things that the operator has to 
check are coming to the point where we must put permissive interlocks in 
if we are not going to fully automate. Finally I hope in the not too distant 
future we will go to complete automation, so that the operator is supervisory 
over an automated system He is watching it He is there and so on 
but he is not operating it 

Right now you are asking one man or at the most two to do this. In 
some of the control rooms they have three men operating two units, and 
we are putting instrumentation spread over a 20-foot length of the room on 
both sides, and we are asking the operator, when something goes wrong, to 
determine right then what the heck he should do. This is asking too 
much of that man 

Besides putting in all this instrumentation, television, fuel cutbacks, 
fuel-air ratios, and all of these things we are going to have to have them 
interlocked so that the operator can’t go wrong. He is still there to correct 
things and bring them back when they are off and so on, but I believe that 
we are just asking too much of that one man in an emergency condition 
We are going to have to put these interlock systems in 


I hope that this is not giving the impression that modern jobs aren't 
very amply interlocked. We are talking now apparently as though we had 
nothing today, and we had better get busy and put something in Phat isa 
rather distorted view of the situation 

‘The same pitfall seems to occur when we talk about automated plants 
Our plants are about 85 per cent automated at the present time, but I 
think we ought to be careful how we use these terms 

The other point is on the question that was asked as to what information 
you think should be communicated. I don’t think that we can handle such 
a subject here today. Would you want to block off all the feedbacks in a 
fully automated system today here and now? 


You couldn't get any place In other words, you have to provide 


communication of one kind or another.’ 


It is just as important whether the job is 100 per cent automated or 
only SO per cent automated. You have to have either instrument com 
munication of vital functions or you have to have voice and sight communi 
tion. One way or another you must have essential communication 


Because of our lack of ability to engineer into each of our large units 
ill of those requirements which we would like to have, we are still required 
to give the operator certain details which can best be handled by automatic 
controls. We are sure that hardware is available but we feel we haven't 
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progressed enough to use it 


In the meanwhile, there exists a t 
organizatior We are training all of our crews 1 units o1 


basis Using small groups, we go through dry runs on boiler light 


We have recognized that with job rotation 
like the jet pilot who goes up regularly with t 
engineer, we only take off our planes every 
give our fellow a chance to work with the 
engineer or even the same l 
\s a result, we are trying t 


edures in order to reduce 


Equipment Shutdown 


Chairman Summers.... I think that is an excelles 
There 1s a specific questi 

terested in this questior ! /verpressure 
unit following a tube rupt or oth u overpre 
beneficial in avoiding at xp ha hould 
d sequence in shutting down combustiot quipment 

start off on this with Mr. Mitchell be 


ion on pressure furnace surge detecty 


E. R. Mitchell.... 
Chairman It has been fairl 
perated safely with a sensitive 
\ tube failure, a serious rupture 
shut the apparatus down W he 
would have to be the end result 


W. C. Beattie.... I would like to part of that questior 

boiler tube ruptures vO on powdered fuel, 

tripped out because, im 1 

powdered fuel will generate 

encountered many vears ago a , ; tup wh had <plosio1 

occur and the second explosion occur : nomiz sect which 
blew out the side of the economizer ad ! ' ( d Say an overpressure 
switch that is picking up the overpressure d oO a ruptured tube should 


trip out the fuel when it is wad d fuel 


Chairman Summers.... Do you have at 


W. C. Beattie. eee ‘Iv only Suggestion 1S as soon 
ible limit of the pulsations 
That will depend upor 


FD or only FD fan installati 


W. Kellstedt.... have pressure installatjons on our new uni ind we have 
n tube ruptures I think we have found, as Mr. Beattie said 
ive to set it just above what the normal operating or pulsating 


condition 1s in the furnace and get it as closel to tha 


‘ 


I do not think the dey is such is any protectior 


explosiot y tin in n operates the boiler is 1 


Chairman Summers That hasn't | XI nee We have 
just this type let We find that 
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tube first lets go that is usually sufficient to trip this device 


C. W. Kellstedt.... “T mean it would not prevent loss of flame explosion in it 


Chairman Summers... . But I think it is a type of device that can prevent the second explosion 


C. W. Kellstedi.... Phat is right. We trip out completely on furnace pressure 


L. H. Coykendall.... Bill, you asked for pressure settings. We, as manufacturers, on a 
suction fired unit designed our units for plus or minus 7 inches of water 
pressure We recommend setting the furnace overpressure trip to trip at 
these points on a suction unit. We set it at this point so that there ar 
not too many false trips which occur if they are set too close to the operating 

pressure 

On a pressure-fired unit, we would recommend setting them at some 
where between 130 and 150 per cent of the operating furnace pressure 
We designed for 150 per cent of the operating pressure at full load 

(Again we would recommend setting them at this point so that they are far 

enough above the regular operating pressure that vou don’t get too many 


false trips 


C. E. Parker We looked into furnace overpressure trips or alarms and received 
recommendations from the boiler manufacturers, and we decided while 
they will not prevent all sorts of explosions, they may help to avoid a 
second explosion, which could follow a tube rupture 
They might also prevent blowing a seal. If you have an ash pit 
with a water seal, an over-pressure trip is desirable and in general we think 
there are enough benefits to justify putting them on our next boilers 


V. F. Estcourt I would like to ask if you were talking about suction type and pressure 
type furnace seals. If you are talking about suction type furnaces, I assume 
that you haven't ended the job by just tripping the fuel out. Is that all 
that you do in the case of a tube rupture 


C. W. Kellstedt Can I answer that for Con Edison? We trip the fuel, the air, the 
fans, the generator, everything, all in one fell swoop 


V. F. Estcourt We try to restore negative pressure in the boiler by rebalancing the two 
fans. Otherwise you have quite a mess on your hands 


C. E. Parker I was speaking of pressure boilers, and we would trip everything.” 


R. M. Lundberg One of the items that we have been preoccupied with has been the 
incidence of false trips, so we use two limit switches connected in parallel 


so as to alarm and in series to trip 


Furnace Protection 


Chairman Summers We will have to move on now Phere is one other question; I am 

going to put two in one Do you feel that the type of firing system used 
has any bearing on the explosion situations, and do you feel that the fur 
nace protecting system should be on a per-burner or on a per-main-flame 


envelope basis? 
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R. I. Wheater 


Chairman Summers 


C. E. Parker 


E. R. Mitchell 


R. M. Lundberg 


Chairman Summers 


R. M. Lundberg 


W. L. Livingston 


Chairman Summers 


W. L. Livingston 


C. W. Kellstedt 


V. F. Estcourt 


I would like to run right down the panel and have each one take 30 


seconds to answer each of the two questions. We will start off with Mr 
W heater 


In so far as the question is concerned, we believe that any of the types 
It is true 


cde vices 


of firing that are normally used today can be safely protected 
that some have to be treated differently than others, but suitabk 
can be made available to protect a furnace with any of the conventional 


firing methods 


Do you feel the protection system should be on a per-burner or furnace 


or flame envelope ? 


Phat is a pretty difficult question to answer in 30 seconds. We have 
flame detectors on each burner that would trip a particular burner under 
certain conditions and only trip that burner. Under other conditions 
other kinds of failures, we will trip the whole unit 


I feel that for most fuels the protection per flame is probably adequate 
except for lignite In that case it is per-burner definitely 


We have done quite 1 research job over the last vear on Flame Eve, 


purple peepers, Bailey type, and I guess there are a few others. We are 


working on a per-burner basis, on a per-igniter basis, on a flame envelop: 
basis. Frankly we don't know We would like them all to be safe every 
step of the way 

Asa simplific ition we have tried on some jobs to take care of the first 
four burners that we cut in and then take care of flame envelop: 


So that you are differentiating between low-load operation in effect and 


high-load operation ? 


In this case | would say when you are at low load you probably ha 


more than one flame envelope. We would definitely recommend that pro 
tection be confined to a per-flame-envelope basis because, after all, it is 
that flame envelope that is going to get you in trouble if you are going t 


get in trouble rhe fact that a burner may influence the flame envelope 
is important, but the end result is the flame envelope itself. If the burner 


envelope, why shut it 


malfunctions and does not affect the main flame 


off ? 
You are saying by definition it hasn't malfunctioned then? 
Che flame envelope hasn't malfunctioned 


I think that during startup of a boiler we should be on a per-burner 
basis, and that once we get above the point at which we consider we have a 
stable flame, even without an ignition burner, we should go on a total flame 


envelope basis 


rhe last speaker's analysis would meet our situation 
cerned with the loads below 50 per cent. I don't think you « 


flame envelope concept at these light loads 
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. Coykendall I believe that any system that cannot maintain ignition at the burner 
is potentially dangerous. I would not like to see, say, half of the burners 
in the boiler with ignition at the burners and the other half with no igni 
tion at the burners. Regardless of the flame envelope, I believe that if 
you are pouring air and fuel in a large range of mixtures in burners that 
are not ignited, they will try to ignite back to the source. The flame will 
carry back there from the main envelope, and they can cause fluctuations 
that will ultimately put out the furnace and cause a very dangerous 
condition 

Therefore, I believe that under any condition you should cut out the 
burner if ignition on that burner is faulty and fails 


W. C. Beattie I will echo the sentiments voiced by my colleagues with one exception 
seing always the exception here, I have to say this. When you are light 
ing off the boiler, and you have few burners, you can observe the few 
burners. I would like to have an individual monitoring of burners no 
matter how many burners you have functioning, but when you get to 32 
is a number of burners in there, you can’t tell whether the sixteenth 
burner is functioning rightly or the seventeenth or eighteenth or which 
one is doing the job. My answer to the question is definitely individual 
burner monitoring, but at the present time I am forced to go ahead and 
take the overall flame condition of the boiler as the monitoring that we 


are now doing 


We operate so that we can tolerate the loss of one unit in our system, 
and I would hope other people do. I would hope that operators in my 
company would pull the plug if they had any question about whether the 
fire was in serious danger 4p their furnace. I think they would 

I think that many of the cases of serious furnace explosions that I have 


some familiarity with may have resulted because the operator, either be 
cause of false pride or trying to hang on because the last time he dumped 


his boiler he got hell from his boss, tried to hang on until he did have some 
thing serious happen 

I think we ought to pull the whole unit if the operator at any time feels 
he is in trouble in his furnace or any other critical piece of equipment 


Chairman Summers ‘I think the answer to this flame envelope versus individual burner has 
also answered the first question, which was whether or not the firing system 
has to be considered with the furnace design and whether it affects how 
vou handle it I believe that this showed up in the discussion that came 
forth 

Gentlemen, we are rapidly running out of time We have twenty 
minutes left in the session We would like to open it for more floor dis 
cussion I would like to try and summarize briefly what has come out of 


the panel thus far 


Summation 


I feel that basically there has been what, at least to me, was surprising 
Chat was that there was more agreement than I expected; the agreement 
being somewhat more than there was approximately two years ago when 
this subject was discussed 

sasically, it looks like there is a fairly universal acceptance of more 
communications, to use Mr. Estcourt’s words, between the process and 
the operator rhis seems to be one of the most important items 

Second, there was no question as to the necessity of all types of de 
vices, both post-difficulty devices, such as flame detectors and pre-diffi 
culty detectors, such as furnace pulsation monitors, draft switches, fuel-air 
ratio devices or that type. I think it does point out that there is a ten 
dency to try and anticipate the trouble before it begins and to shut the 
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Temple Voorhies 


C. W. Kellstedt 


T. Voorhies 


W. C. Beattie 


Chairman Summers 


W. C. Beattie 


unit down before we get over the hump that Mr. Livingston so dramatic 
illy demonstrates with his equipment, and to use the tripping on flame 
failure as a final resort 

The matter of hardware difficulties was certainly less of a problem to 
our panel members than it has been to us. We have had a lot of troubk 
with limit switches, and, therefore, it is some degree of encouragement 

Finally, I think that it shows a great awareness on the part of major 
segments of our industry. There has obviously been a considerable amount 
of work, thought and effort put forth on this subject in the last two years 
Even though last year, 1959, seemed to roll up its normal toll of boiler 
explosions, which is running something close to one a month, there is 
some hope of our doing better in the future, based on this kind of work 
I would like now to ask for specific questions from the audience 


I was a little puzzled by the seeming conclusion drawn from the first 
panel question, which resulted in a vote of 8 to 3, I believe, in favor of cut 
ting off the fuel in the event of a fuel-rich furnace condition. I think pos 
sibly my trouble stems from the fact that I have had no experiences at all 
with pulverized coal 

But from the point of view of a burner designer and manufacturer, 
and from personal experience extending over quite a few years, I have never 
seen a flame on either oil or gas in a furnace which was operating and 
which ultimately resulted in a complete flameout from an overrich fuel 
condition. In other words, going into the heart of the burner, the air and 
the fuel, in industrial burners, mix in the burner. It is impossible prac 
tically to reduce air flow to zero, even if the fan stops. Consequently, in 
our experience—certainly in my own personal experience—the furnace 
condition can result in maximum fuel flow, even with fans off and stability 
of the flame seems to be excellent I am just wondering about this ] 
don't know whether the question put to the panel should be rephrased 
and made two questions: one, coal, and the other oil and gas. It worries 
me a little bit because I don’t believe that the conclusion that Mr. Estcourt 
drew was actually a minority conclusion, certainly from the point of view 
ot our experience on package boilers, which are very cold and do not us« 
pre-heated air in the smaller sizes 

It is recommended to cut fuel in a fuel-rich furnace, and we don't 
think this is sound 


Mr. Estcourt’s recommendation was different The question had t 
do with whether we should trip it or not 


I am talking about tripping 


You said 8 voted we would trip. Eight voted we would not trip 


rhe question was a little different one. The question that was voted 
on was this: Is there a safe way to shut down under these circumstances 
There were eight who said no, no matter what you do there is no theo 
retically safe way to shut down; you are in serious troublk 


The question was also put in this vein, if there was a flameout It 


was answered in the terms you are using. I personally was thinking of a1 
entire flameout. Vivian described a secondary combustion, which wasn't 
in my book a flameout entirely He had a flame there. He gradually 
worked that flame back That is the same thought that you have in mind, 
if I understand your point. When I was answering, I was thinking of a 


distinct flameout 
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I think Mr. Livingston has the best answer of the safe way to do it, 
which was furnished by an operator 


Ihe operator's comment was if you had a fuel-rich condition, to keep it 
until the next shift came on. (Laughter 
‘However, I would say that the fact that you have not experienced a 
fuel-rich flameout would probably be because I don’t know of anybody 
who would want to show you how we got a fuel-rich flameout during 
operation. It is conditions that occur when you are not there watching it, 
when you are not trying to put the fire out by a fuel-rich condition, that 
is the point we are most concerned about 


outs may be clarified by the observation that it is the apparent flame-out that often 
t at all but if the furuace smokes up to the point where the flame detectors signal that 
astrous. Fuel is tripped (conventionally) and the saturated furnace mixture must 


a restart is mad 


Just to clear up any confusion that Mr. Voorhies has.—-I believe 


everybody understands it now—I want to be sure for the record that Mr 
Voorhies doesn't think I voted to trip the boiler out on a fuel-rich mixture 
As was explained, somebody on the panel came to my. rescue and stated 
that I believed that the only possible way of getting out of that mess is to 
gradually reduce the fuel. It may take quite a little time to get the boiler 
back, if you are going to get it back without an explosion 


My question really was whether more of the panelists would not have 
voted with Mr. Estcourt in terms of gas and oil. I don’t know about 


cr val 


I don't think it makes much difference. With coal also I believe that 
if you have a fuel-rich mixture and you do not get a flameout, the best 
method to use is what Mr. Estcourt said, to try and nurse your fuel back 
down until you do get the right condition 

“The question was put this way, and that is: If you had a flameout 
in a fuel-rich mixture, how you get a flameout under this condition I 
don’t know, but if you have a flameout in a flame-rich mixture, what 


would you do? 


“If you look at the fuel-rich situation and Mr. Estcourt’s summary of 
this, he is saying that you have an unsafe condition with a safe operator 
himself. I am concerned about the unsafe condition with a normal oper 
ator. I don't think all operators can be expected to handle this safely. 
I have been through the same situation that Mr. Estcourt described and 


I was scared stiff 


You have just got to be lucky That is the answer 


I would like to speak for Bailey Meter on the last subject pertaining to 
the matter of whether or not you should monitor the individual burners 
or the flame envelope. I think past history was more or less dictated by 
the availability of adequate hardware, whether there was a reliable flame 
detector available for the package 

“Developments in the past year or so have indicated, at least to the 
jailey Meter Company—and I am sure to some of the manufacturers of 
similar equipment—that there is hardware now available that can satis 
factorily monitor gas fires and oil fires and even coal fires for the majority 
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of types of installations 

However, there are exceptions to the rule, where the flame envelope 
must be monitored, rather than the individual burners 

We are confident that we have the equipment to do this type of job, 
ind, as acknowledged by some of the members of the panel, automation, 
is with us for both oil and gas firing, and I think we can say that the same 
thing will be true in the very near future for coal firing 


I would like to add one word to the rich mixture deal I don’t think 
it is a healthy thing to dust it off by merely saying that if you are lucky 
you will get out of it That isn't a very scientific way of looking at this 
thing 

I think there are very good reasons why you can get out of it if you 
follow the procedure of reducing the fuel slowly enough It is the sudden 
influx of a change of mixture that is more likely to set off the explosion 
than anything else If you will come down gradually enough, you will 
get out of it 

It is begging the question to say that probably some of your opera 
tors won't do it right That is another matter But the point is that we 
should stay with the engineering approach to this thing Let us agree, 
if we can, that these things are not luck We shouldn't talk that way 
ibout them 


Wouldn't the best engineering approach be to keep from ever getting 
the rich mixture to begin with? 


Yes, certainly it would. I question whether you are going to arrive 
it that point where you will never be faced with a rich mixture, even with 
i fully automated job 

There is another note of caution that I think should be sounded, and 
that is if any of you think that because you have had operating errors that 
when you go to full automation that will solve your problems, I would like 


to observe that the operator that is most likely to get the automated job 


| oper itor 


into trouble is still the inexperience: 
We shouldn't be retreating in self-defense into more automatiot 
cannot overlook the training of operators. Whet 
mated job, the problem is going to be enhanced man 
has been brought out here, then vou have very littl 
your operators Pretty soon they won't know what 
does happen 
In fact, I already know of a case of that nature Let us take 
of having competent people around the job seriously, whether 
iutomation or not 


I think just to comment on that automation aspect, though 
behooves the designers of automation equipment then to make thx 
mation system sufficiently flexible and sufficiently intelligent t 


under varying circumstances 


When the automation is not running, should it go down, we will |! 
problem, because I agree completely that an operator who has not 


chance to operate for maybe one or two years has certainly lost the to 


I would like to comment on Mr. Estcourt’s statement about the 
way to shut down the furnace on a fuel-rich flameout I would tak 
ception. I feel that slowly cutting back the fuel on a fuel-rich flameou 
the most unsafe thing to do, rather than the safest 


I would like to say that my comments were not applied to a flameout 
PI 
I have never heard of a flameout of a rich mixture Possibly somebody 


April 1961 / COMBUSTION 





Chairman Summers 


R. Grossman 


A. W. Hindenlang 


L. H. Coykendall 


W. L. Livingston 


A. W. Hindenlang 


COMBUSTION 


April 1961 


Edutor 


has gotten that far in the hole, but I don’t know of any such case.’ 


It has happened unfortunately 


I gather, gentlemen, that we still will have some explosions unfor 
tunately in times to come Chere happened to come to my desk the other 
day a little clipping from the October 17 issue of Chemical Engineering, 
which I think has some points of interest. May I read it? 

A system that suppresses gas or dust explosions almost before they 
start and a detector that reacts only to flame are two new weapons 1n the 
battle to protect workers and property from unexpected disasters. Act- 
ing within a few thousandths of a second after an explosion has been trig 
gered, a combination detector-suppressor system developed by Fenwal, 
Inc., of Ashland, Massachusetts, springs into action, snuffs the blaze out 
before it propagates. The system stems from British work in World War 
II to protect aircraft fuel tanks hit by incendiary shells. Unit detectors 
sense unusual rate of change of pressure or temperature as explosion 
starts, then fires a small explosive charge in the heart of the suppressor 
that splits the casing and sprays liquid to extinguish the reaction 

rhere is some mention of Thomas Edison Industries 


I was afraid somebody would bring that up 


I saw that article, and I came to the conclusion that this system is not 
applicable to boiler furnaces. The sensing devices that might be used for 
that in a boiler furnace that is operating, let us say, at full load, at a 
temperature of 2500 to 3000 degrees, I don't believe have been developed 
vet herefore, I don't think that that system could work, even though 
the sensing device had been developed I arn afraid it wouldn't work in a 


boiler furnace 


| would like to add that this device, by their own admission, is now 
confined to relatively small chambers. In an explosion the flame propa 
gates at about the speed of sound. The principle of this Fenwal device is 
to get some advance pressure waves. The size of the furnace that we have 
today is so large and this advanced pressure wave is about a constant with 
the flame front, so that by the time this sensing device did really detect 
in explosion, whether it would throw in the inert material or not, it just 
wouldn't be fast enough or in time to prevent damage 

We only require about four or five pounds in a furnace to require 
damage, which is very low relative to the kind of containers that they are 
talking about 


Before closing the subject, we might comment that Fenwal is working 
on furnaces at this time Perhaps at this meeting next year we will have 


something to talk about 


Vote: On pages 17 and 18 we have in 


; 


erted a po tcard on which we a kb you lo cive u your 


eactions to the articles in this magazine Wil! vou 


CaS¢é 


lO us 4 


h 


pu hy cher king off the card and returning 





KEY to functions performed by 
Bailey 7O0O Systems 
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LOCATION 
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BAILEY ZOO 


ANALOG AND DIGITAL SYSTEMS IN ACTION 


Installed or under construction, Bailey 700 Analog 
and Digital Systems are IN ACTION TODAY 
from coast to coast, providing integrated instru- 
mentation systems accurately tailored to specific 
needs. 


Note the variety of functions performed in these 
installations. Basic ingredients of all are electronic 
modules housed in standardized electrical cabinets, 
as shown here. This permits any combination 
of control, information or computing system ele- 
ments to be combined and expanded as required 


eeeeeeeeeeeeeeee eee eee eeeeeeeeeeeeeeeee 


QUICK FACTS BY TWX... 
For name and IMMEDIATE details on installation 
of greatest interest to you, fill in number of location 
from map and have your TWX operator send this 
message: 
WKLF 522 
PLS SEND 700 SYSTEM DETAILS FOR LOCATION 
PROCEED IMMEDIATELY WITH REPLY AT CONCLUSION 
OF THIS MESSAGE. 


(on ar 


eeeeeeeeeeeeeeeee eee eeeeneeeeeeeeeeeeeee 


eg” 5) 
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to perform specific functions in individual in- 
stallations. Wiring and maintenance is simplified 
operator’s console is freed of bulky equipment. 


Ask your local Bailey engineer to arrange a visit 
and demonstration of a Bailey 700 System located 
near you, or at Cleveland. Or gett IMMEDIATE 
details on the installation of greatest interest to 
you, by TWX—just jot down the number of the 
location you select on message form below and 
hand to your secretary. Reply will be transmitted 


at end of your message. 
G153-2 





By IGOR J. KARASSIK 


Consulting Engineer and Manager of Plannin Harr 


Worthington Corp. 


The boiler feed pump and its associated equipment 
represent a major operating and maintenance con- 
sideration in today’s power plant. Here we run in 
question and answer form a series of clinic sessions 
on various boiler feed pump problems. The replies 
are the work of one of the topmost pump authorities 
and give specific information which we hope will 


prove valuable to our readers. 


Steam Power Plant Clinic—Part XXIll 


(JUESTION 


Ire variations of the 


lition im an open atton more 


/ 


critical for conventiona 1 ed eed pump 


ANSWER 


rhe problem is rather complex in that it includes far 


more variables and factors than appear in your question 


ilues ap 


Somme | 


It would be necessary to know specific 
plying to a particular installation. Various conditions 
which could make one or the other type of 


might arise 
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Fig. 1—Above curves demonstrate the higher the pump speed, the greater 
the required NPSH 
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NPSH 
however, set down some gener il observations 
N PSH 


his is demonstrated 


ump more sensitive to variations We can 
t 


High speed need greater values 


than conventional speed pumps 
by the 


pumps 
relation of the suction specific speed (S) to the 


pump speed 


where n pump speed, in rpm 
pump capacity, in gpm 


H required N PSH, in feet 


suction l 


value of specific speer 


Thus, for the 
the higher the 
NPSH There 1s 
NPSH for a 
The chart 
SiN) 


Same 


pump speed, the higher the required 


Fig. | 


required 
" 


speeds 


shown on values of 


range of capacities and of pump 
suction specific speed value of 
value Actually 


vield higher 


18 based on a 


which is a sound design where 


necessary, designs can be made to values 


of S up to 10,000 or even slightly higher hese designs 
NPSH for the 


obviously require somewhat less same 


.values of capacities and speeds than shown on Fig 


». High speed pumps can be designed for somewhat 
higher values of S than conventional pumps, by virtue 
of having a lesser percentage of the impeller eye area 
obstructed by the shaft 

3 The N PSH 


transient operating conditions is independent of the type 


reduction in the available during 


of pump involved. It depends solely on the volume oi 
the deaerator storage and on differences in initial and final 
enthalpies of the condensate and the feedwater 

} \ given reduction in available NPSH is a 
percentage of the NPSH required for a high speed pump 
that for For in 
let us paring two pumps 


such that 


lower 
than of a conventional speed pump 


stance 


Land B 


assume that we are com 


Pump A 


S60) 


H) it 


Pump rpm 
Required N PSH 
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t feet reduction in ulable NPSH represents 
required value for pump A but only 


Then a 
10 per cent of the 


that for pump B But recall we are not 


} per cent ol 
speaking of like terms 

>». On the other hand 
will generally be more margin 


conventional speed lor the high speed pump 


i booster pump 1s used 


there available for the 


pump tl 
the conventional 


For instance, in the case s] bove 
pump may be installed with 30 feet margin (i.e., with 


i teet 
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conditions 
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under 


operating 


only 
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Fig. 2—One pump design in which wearing rings are pressed into the 
stage piece and held in place by bolts 
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margin (i.e., with 110 to 115 ft available NPSH). Under 
these conditions, a 15 ft drop in available NPSH during 
transient conditions would leave pump A 
undisturbed but may get pump B into trouble 

6. Generally, if the boiler teed pumps operate in an 


open feedwater cycle, booster pumps should and would 


operating 


be installed for high speed pumps. Under these condi 
tions, then, the answer to your question would be that 
the reduction in NPSH 


portance to a high speed pump installation than it would 


avaiable will be of less im 


in the case of a conventional speed pump 


need of bolt 


O the 


iminating tite 
couldn't they be 


d by means of some breech-block construction? 


” j / j , 
crewed ni lage piece ‘ 


dilernate 


or of ta b We ding’? A an 


mount 


\NSWER 


It would be possible to screw the wearing rings into 
the stage pieces, but it would be quite difficult to hold 
reasonable concentricity between the bore of the casing 
wearing ring and the mating hub of the impeller. Fur 
thermore, this mounting would still require some form 
ol locking device, such as a set screw or a bolt 

\ breech-block fastening is merely an interrupted 
is a heavy multiple thread to get 


ind somewhat adjusted so that the 


thread, usually made 
a steeper helix angle 
full length of each thread segment is in contact when the 
It is useful primarily for something 


such as the 


closing ts seated 
which must be opened and closed quickly 
breech-block of a firearm But it can only be half as 
strong as a full thread, since half the metal is cut away 
I can see no advantage and many disadvantages of this 
as a wearing ring lastening 

If bolts are used to fasten the wearing ring to the 
stage piece, it is important that they be adequately 
peened in place at the time the pump is first assembled 
in the manufacturer’s shops and that equal care be used 
in peening the bolts in place should the pump be dis 
mantled and reassembled in the field 
day the metallurgists will develop 

metal which will 
under the particular conditions imposed by 
boiler feed service We shall then be abl 
with replaceable wearing rings and eliminate this fasten 
No doubt there will arise som« 
since there is no 
machinery 


(4 course. some 


for us that “miracle not wear, gall 
or seize 


to disp nse 


ing problem altogether 
new problem to tax our ingenuities 
short cut to immortality for man-made 
Until the wearing ring does disappear 

shall just have to exert our efforts at taking proper care 


that it is adequately locked in place 


however, we 


\NSWER 


Decidedly, each pump requires its own recirculation 
line and controls 


] If a 


There are several reasons for this 


common recirculation system is used (as 
in Fig. 3), there arises the danger that when the flow is 
reduced nearly to the minimum, one of the two pumps 


operating may develop a slight excess of discharge pres 
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sure and shut the check valve of the other pump, allowing 


it to run against a fully closed discharge with no bypass 

2. While two pumps normally operate to carry full 
load, there will be times when a single pump will be 
running at cent At other 


when switching pumps, all three pumps may be running 


loads below 50 per times, 


for short periods If the orifice capacity were s¢ lected 
to pass a flow equal to twice the minimum flow of a singk 
pump that 
necessary pump would be running 


the recirculation would be twice which is 


whenever one lone 
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and only two-thirds of that required whenever all three 
The 
the third does not afford the necessary protection 


pumps would be on the line first is wasteful and 
Separate bypass recirculation lines should be provided 


originating between the pumps and their check valves 


Fac h line 


ind its own control valve Of 


is shown on Fig. 4 must have its own orifice 


course, these individual 
lines can be manifolded into a single return header to the 
the 1 


ind control valves 


deaerator, on downstream side of the 
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ducing orifices 
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Figs. 3 and 4—Common recirculation system for three pumps without 
separate bypass lines for each pump, left, is asking for possible operating 





troubles from differences in individual pump discharge pressures. Fig. 


right, offers a geod solution 
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THE ABOVE MATERIAL IS ATTRACTIVELY 
PRICED FOR QUICK SALE 


For further information and particulars contact the Dis- 
posal Supervisor, BElmont 1-4111, local 2-8753, Sur- 
plus Equipment and Materiels Department, Ontario 
Hydro, P.O. Box 905, Kipling Avenue, Toronto 18, 
Onterio, Canada. 
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Oval “overcoat” 
for a problem 
pipeline 


J-M METAL-ON 


in “long-legged”’ form 


cut insulation costs 


for Shell Oil 


A piggy-back steam tracer line made 
insulating asphalt pipelines at Shell 
Oil’s Norco, La., plant a problem. 
Every foot of pipeline—if insulated 
in standard fashion—would have re- 
quired insulation a size larger than 
normal. And there were miles of pipe 
involved. 

Johns-Manville and its contract unit 
in New Orleans, McCarty-Branton, 
Inc., studied the problem and made an 
unusual recommendation. They sug- 
gested using elliptically shaped, 
“long-legged” Metal-On®, the alumi- 


num-jacketed pipe insulation. This 
oval shaped pipe covering fit right 
over the asphalt pipes and the trouble- 
some tracer line—and saved substan- 
tially in the cost of insulation. 

Typically, Johns-Manville had the 
answer for this insulation problem. 
Your insulation jobs, too, will be solved 
best by Johns-Manville. For further 
information, write to J. B. Jobe, Vice- 
President, Johns-Manville, Box 14, 
New York 16, N. Y. In Canada, ad- 
dress Port Credit, Ontario. World- 
wide, cable Johnmanvil. 


JOHNS-MANVILLE 


AN INSULATION FOR EVERY COMMERCIAL 


AND INDUSTRIAL USE 


Close-up of line section showing ateam 
supply line and 44” copper tube tracer 
atop main line before it is coated with 
material used to bond it to main pipeline. 


f ~ — SEND FOR FREE SAMPLE — — » 


Johns-Manville, Box 14 

22 East 40th Street 

New York 16, N. Y. 

Please send me a sample of Metal-On 
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Control Panel 


1. The complete system is operated from this panel. Three-way air 


Control Panel & Air Separator Tank 


2. Adjacent to the contro! pane! is the bottom half of the air separator 
tank. This tank is vented and provides a means of removing the carrying 


air from the system 


epen and close velves in the pneumatic material handling 


A vecuum gage is provided to determine when hoppers are 
The untagged valves are for a future extension of the system 


volves 
system. 
empty. 


Water Jet Exhauster 


3. At the top of the picture is a water jet exhauster which provides the 
vacuum source for the system. it uses about 700 gpm of water to help 


transport 10 tons of gas per hour 
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A former divided fly ash removal system proved a 


serious handling problem 


Here is a short, to-the- 


point story on one way out of a typical power problem. 


By R. G. James* 


General Electric Company 


Pneumatic Material Handling System 
Solves Difficult Fly Ash Disposal Problem 
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pneumat« 
method of fly ash disposal 


ir Richland 
nt is part of Hanford Atomik 
} 


material handling 


mission, 300 Area, steam 
Washington 


eing operated for the 


ctric Company 
for the 300 Area is produced 
toker boilers All boiler 


of three mechanical fly 


scharged to atmosphere 


stalled, fly ash from five 

two separators (one 
gravity into the base of a 
separator also disch irged 


1 reinjection nozzle 


ch transferred the fly ash 


the stack Periodically 
stack base by a sluicing 
sh down a trench to an 
ish and water mixture 
pond outside the area 
ory because not enough 
fiy ash from the se para 
pper discharge openings 
h filled the hoppers and 


SETVICE Furthermore 


d, the ash pump had to be 


ervices of two men and 


The basi handling system was installed 
with a new fiy-ash separator 18 months ago, when the 


Since that time 


pneumatic 


sixth boiler was added to the plant 
the system has been modified and extended so that it is 
now used for removing fly ash from all separators 
Each separator hopper discharge opening is equipped 
with a remote-manual material handling valve Piping 
consists of a 4 in. material with the trade name of 
Ashcolite There are two branch lines in the sys 
tem, each being equipped with a remote-manual segre 
gation which reduces system leakage when a 
particular branch line is not in service. A water jet 
necessary vacuum tor 
ish through the trans 


valve 


exhauster 1s used to create the 
producing air flow to convey fly 
port piping rhe fly ash and water mixture discharged 
from the Hydrovactor passes through an air separator 
tank and then flows to the disposal pond. One man 
operates the entire system from a centrally located 
control panel 

Each material handling valve and segregation valve is 
opened and closed with a three-way air valve mounted 
on the control panel. With the air valve in the open 
position, 100 psig compressed air is admitted to the 
material handling valve or segregation valve actuating 
ur cylinder. One separator hopper is emptied at a time 
\ control panel mounted vacuum gage indicates when 
With all hopper valves closed 
When a 


hopper is being discharged, the vacuum is about 6 in 


the hoppers are empty 
the vacuum in the system is about 25 in. of Hg 


of Hg. and it drops to zero when the hopper is empty 

The water jet exhauster uses about 700 gpm of water 
and the system transports fly ash at the rate of 10 tons 
per hour 
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handling system has reduced water 
vdidition, it has 


his pneumatic 
consumption and saved manpower. In 
contributed to the reduction of the quantity of residual 


Segregation Value 

4. One segregation vaive is installed in each branch line to reduce system 
leakage when the particular line is not in use. Compressed air at 100 
psig is admitted to operate the air cylinders. 


Looking Back at Management 
By H. G. EBDON 


President, Combustion Engineering, Inc. 


Engineers’ Dinner 


speaker at the All 
Power Conference, Mr 


As the feature 
at the 
audience to contemplating the 
industry As a background he 
How far have we come in the 15-year post-war 
period? The work force has gone from 53 to almost 7) 
million with a shorter work week plus innumerable coffee 
additional holidays and 
tempting unemployment pay Population ts up from 
140 million to 182 million; Gross National Product, from 
213 billion to 500 dollars electrical 
capacity, from 50 million to 175 million kw; 
from 225 billion to 750 billion kwhr 


\merican Ebdon set his 


competitive position ol 


American raised the 


question 


breaks, extended vacations, 


billion installed 


ind electri 
cal generation 

These figures of growth indicate that we did a big job 
did we do it well? If we had, why are we facing 
the situation that exists today Well, in the first place 
the industrial rehabilitation of our allies is complete, paid 
Uncle Sam That market has now dned 
did that job so well we are finding it 
to compete them in trade 
What can you ex 


but 


for mostly by 
up. In fact, we 
most difficult 
Many of us pull our hair and shout 
pect with the differential that exists in the labor rates? 
We all know the steel in 
dustry has gone up from $1 


with world 


average hourly wage in the 


25 to $3.75, plus 41 cents 
fringe benefits since the end of the war, but we also know 
that at least the 
percentage can outproduce 
their foreign 
however 


American productive workers greatest 


who have a desire to work 


counterparts rates, 


Production w ig¢ 


are only part of the overall costs, as vou will see 
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fiy ash that is emitted from the steam generation plant 
because of the more efficient removal of fly ash from sepa 


rator hoppers 


Material Handling Value 


5. Each fly ash hopper is equipped with a valve of this type. 
valves are in service, they admit carrying air into the system which 
transfers the fly ash to the Hydrovactor. 


When these 


I have used the term ‘productive worker’ a number of 
Mr. Ebdon went 


worker 


times on to say, to distinguish him from 


the ‘non-productive who, as overhead, is also 
part ol the product cost 
mean all indirect labor from clerk to top management 

I think we paid far too little attention to this kind of 
overhead We bec 
ind fringe benefits but overlooked indirect labor 
had—wittingly or 
Thus American 
We reached the point where we had assistant 


super 


By non-productive worker | 


ume preoccupied with direct labor 


costs 


for which we unwittingly gained a 


new aftinity industry became over 


managed 
managers, assistant 


issistants of their own 


presidents, assistant 
visors, all of whom had to have 
clogging communications and building up unnecessary 
work Dr. Parkinson finally the virus 
causing our affliction found that the 
workers and the quantity of the work are not related to 
each other at all, and the nse in the total of those em 
ployed would be much the same whether the volume of 
the work were to increase, diminish or even to disappear 

Heretofore, many thought that this new form of Par 
disease had governmental 


but through soft working habits both labor 


vice 


paper isolated 


and number of 


kinson’'s been confined to 
bureaucracy 
and management have succumbed in private industry 

An illustration of the dangers inherent in overmanage 
Hawley in the February 


cites the words of an 


given by Cameron 
Digest First he 


ment was 


issue ol Reade rs 


\merican businessman who made these comments fol 
lowing a visit to a European firm with which his company 
had a manufacturing agreement Until I got on the 
I thought they had us licked over here because 
of wage rates. I know differently now. For evéry 


they're saving in direct labor costs, they've got 


insicle 


penny 
us whipped by three cents in general overhead 
the plant, it’s about a standoff—but when you get to the 
office, they make us look like fools 


Inside 


April 1961 / COMBUSTION 





American Power Conference 
in Review—I 


Phe 
power Conference wa 
March 2 


again with 


econd annual meeting of the American 
in held at the Sherman Hotel 
inclusive Registration was 


bout 3000 in attendance 


twenty 


in Chicago 
excellent 


The Avon Station 


Illuminating 
and Combustion 


Electric 
Corp 


Engineers from the Cleveland 
Co., the Westinghouse Electri 
Engineering, Inc., combine 
cussion of the Avon No. 8 power plant 

Neal F. Gill and Newton D. Flack, rhe Cleveland 
Electric Illuminating Co., were joint authors of the open 
ing paper, ‘Initial Operation of Avon No. &, A Super 
critical Plant, first year’s operating exp. 
with the 250 Mw, 3500 psi, 1100 F unit 
Jetween initial oper ind the December 23, 
outage, a period covering one 


No. S&S Unit 


capacity use factor ) 4.2 per 


d forces to give a rounded dis 


covering the 
rience 
1960, 
five days, the 
Mwhr or at a 
The availability 
Che longest time the unit was 


vear and 
253,694 


cent 


Avon 


factor was 71.2 per cent 
shut down was from August 1, 
1960, a There 
first 


on the line without being 
1960, to October 24, 


total of 


period of 54 davs 


were a outages experienced during the 
if 

lurbine difficulties caused five from 
t to 784 hours 


ervice 41.4 per cent 


outages ranging 


duration turbine was available for 
Incidents attributable 
from 3 to SOb 


ivailable 80.0 per cent 


to the boiler caused 
hours in length Phe 
of the time here 
to other equip! 


ranging 


were chine service outages 


ranging from four to nine 
uilability 


due 


hours’ duration whi factor of 99.8 
per cent 

The Avon No nit is tripped 
than-scheduled 


of the 


14 tumes for other 
that 


This 1s, in some 


interesting to nots 


only one lanual 
legree of automation of the 
uses of the 14 


failures fal or 


respect, an indi iti 
Avon No. & I 
boiler tube 


trips are 


accidental reasons-—5, 


} 


malfunctioning of boil pump governor 


comm 


bustion control equipm lftunctions—2, operator's 


errors—2. 
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rhe first-year availability record of this supercritical 
pressure unit is not too discouraging. In fact, it was as 
good as the 2400-Ib psi Ashtabuia No. 5 Unit which was, 
at the last minute, scheduled ahead of Avon No. 8 to pro 
reliable However, the long-term relia 


bility of the supercritical design remains to be proved. 


vide capacity 

Over half of the boiler outages were caused by tube 
failures some of which were due to improper shop welds 
rhe longer outages were a result of overheating the tube 
metals 

One of these outages was due to the overriding effect of 
natural the forced circulation. This 
occurred in a spacer tube in the reheater platen. The 
heat effect at low loads evidently was great enough to re 
When the flow direction started to return 
to normal at the higher firing rates a period of stagnation 
This re 
quired a change to provide positive upward flow at all 
The unit was out one month for this change 


circulation on 


verse the flow 
occurred and the tube overheated and failed 


times 


A delay in going into service rather than a credited 


outage occurred when steam formed in the waterwalls 


60 tubes to bow out, and swell although 
failed 
procedure requiring the boiler pressure to be 


causing sore 


only one Subsequent strict adherence to the 
ibove the 
saturation temperature at all times has been effective and 
no doubt prevented at least one outage from this cause 

tube overheating and was 


Overfiring can also cause 


responsible for one of the longer outages. In going from 
automatic to manual control, fuel feed was in 
advertently raised to the 240 Mw level while water flow 
only for 150 Mw. While this 


operational error in that the operator failed to balance 


manual to 


was sufficient was afi 
his controls, it does indicate the strict need to keep water 


flow and fuel feed in balance at all times, and the ce 


sirability of a control to insure this. A protective feature 
will be added to the automatic control as a result 

It was found that moderate overfiring can also occur 
whenever the firing rate is increased. The reason is that 
a large time lag before the thermostat at the 
An antici 


pating device, prompted by any increase in coal flow, will 


there is 
transient section signals for increased water 


be installed to quickly change water flow in the right 


direction. With these several changes it is hoped that 


53 





any overfiring of fuel will be controlled and prevent 
further tube burn-outs 

In general, the many Sulzer control valves have pet 
formed well and require little attention. The packing 
it penetrates the 
of the boiler 


\ new design 


for the seat hold-down device where 


valve body was troublesome in the case 
stop and superpressure by-pass valve 
will be incorporated as soon as possibl 
Soon after the turbo-generator was phased-in a steam 
leak developed in the horizontal joint of the outer cylinder 
of the high pressure turbine During the present outage 
the upper cylinder flange in the area of the bolt holes has 
been grooved so as to increase the unit pressure on the 
flange while maintaining the same force on the turbine 
flange bolts 
From the the control 


cable operated valve limit switches on the turbine stop 


beginning erratic operation of 


ind control Chis persisted 
until the limit switches were located directly on the tur 
This im 


valves was experienced 


bine stop and control valve servo motors 
proved the limit switch operation but d:d not entirely 
solve the problem A new ty pe limit switch is now being 
tried 

valves had a 


affected 


At certain loads main turbine 
rhis, in turn, adversely 


governor 
tendency to oscillate 
pressure control and overall combustion control 

A problem that caused more worry than trouble was 
control and stop 


the initial galling of the main steam 


valve stems Design changes and repairs to the valve 


internals resulted 
rhe original design of the boiler feed pump turbine 


drive turning gear incorporated a solenoid operated 


sliding clutch jaw arrangement During initial opera 
tion, the turning gear would suddenly disengage It was 
found that the flow 
booster pump caused the boiler feed pump to turn faster 
than the After the 


disengaged the boiler feed pump would stop occasionally 


of warm-up water supplied by the 


turning gear speed turning gear 
rhis turning gear problem was solved by replacing the 
turning gear solenoid operated sliding gear arrangement 
with an overriding clutch 

A difficulty that required long, hard and extensive de 
bugging was due to the flyball governor control system 
for the motor 
purpose of the 


which was designed specifically driven 
boiler feedpump. The main 


control is to permit the motor driven pump to be operated 


governor 


in parallel with a steam turbine driven pump 

Che one major problem of this control system was due 
to the design of the oil reservoir which was common with 
the boiler feed pump step-up gear Che apparent trouble 
was air entrainment in the oil coupled with a small oil 
reservoir which had insufficient retention time to ride the 
oil of air 
ratic operation of the governor 


rhis air in the oil caused instability and er 
Installing 
governor oil reservoir with a longer oil retention time ap 


a separate 


pears to have solved this problem 

Difficulties were encountered with the system which 
controls the governors of the boiler feed pump turbine 
Phe Cellulube 220 fluid in the Sulzer system was appar 
ently incompatible with the material in the diaphragm 
operated switches. A 
change to metal bellow-type equipment solved the prob- 
lems. No material trouble was experienced with the 
turbine conventional flyball governor which operated on 


solenoid valves and pressure 


a petroleum base lubricating oil 
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The high-speed boiler feed pumps have performed as 
designed, and have operated essentially without incident 
for one year. During the early stages of operation, how 
ever, trouble was encountered with the water injection 
seal due primarily to dirt in the condensate injection 
lines 

All seal lines had been flushed prior to use, and con 
densate supply was filtered to remove suspended solids 
is small as five microns. As it turned out, this was not 
adequate, and the water picked up dirt in the supply 
lines to the seals which had not been carried out by the 
initial flush rhe solution to the problem was to put 
individual filters in the lines as close as possible to the 
seals. It is now felt that start-up seals which would have 
greater clearances than the normal operating seals should 
be used on initial startup. Once the system has beet 
cleaned, the actual 


stalled for more efficient operation 


close clearance seals could be in 

The majority of seal difficulties was concentrated at 
the outboard end of the pumps. After replacing three of 
these outboard seals, it was determined that the packing 
at the inner end of the shaft sleeve was not capable oi 
holding the pressure on the high-pressure end of the 
A leak would develop in a few weeks 
und under 

The design change by the 
this leakages the shaft 


balancing disk 
between the balancing device and the shaft, 
shaft 
eliminated 


the adjacent sleeve 


manufacturer under 
sleeves 

rhe turbine by-pass system, unique to the supercritical 
It must re 
j 


1S 


pl int, is subjected to rather severe service 
ceive steam and water at pressures of 3500 psi and « 
charge it at condenser vacuum 

During the initial operation of the boiler through th 
by-pass system, extreme vibrations were experienced in 
his vibration loosened many of the flanges 
hold-down bolts and 
of vent connections on both the 


the system 


joints, equipment valve bonnets, 
ind also caused failure 
cooler (steam 


water separator ind injection condensate 


killer), 


sure by 


und thermocouple wells located in the low pres 


pass system. A major portion of this initial 
vibration was caused by faulty operation of the steam 
killers. It found that the initial had 


actually broken the water nozzles located in this steam 


was vibration 
killer, which, in turn, increased the vibration to an even 
higher level sy and strengthening the 
injection condensate nozzles, the vibration in the by-pass 


redesigning 


system was reduced 
We have had more 
than we 


In general the authors stated that, 
trouble than we but 
Che authors then began to explain some of the complica 


wished, less expected. 


tions they faced moni 


tored to give maximum safety and flexibility of operation 


For example, points that are 


are: 150 pressures, 350 temperatures, 150 alarm points, 
50 drive and control unit positions, 50 control valves, 50 
others, such as levels, flows, turbine thrust loads 

Primary checking out, calibrating and debugging of in 
struments, controls and interlocks took about three 
months prior to start-up and approximately three months 
during initial operation. Changes in the control system 
are, of course, still going on to suit changes in operation 


procedures and major equipment design as more operat 
To date, the control room 
Another year of ex 


ing experiences are obtained 
is being operated by two men 
perience will probably be required before any attempt to 
operate this unit with only one man in the control room. 
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Additional men are being used during a cold 
start. To date, there has been no reason why this could 
not be started with the four men that now operate it 


preset! tly 


A complete starting procedure was written for starting 


irom a cold ce 


mdition. 
! 


the unit up This procedure is 
1S hopes 


ule by 


very detailed and it on subsequent starts that 
improvements will be m 


The 


quential operations makes it 


the operating pe ople 
plus the hundreds of s« 
mandatory that the operator 


complexity of starting 


follow this procedure step-by step to imsure safety of 
equipment and men 
One of the 


tors for this supercritical unit 


greatest problems was the training of opera 
This was the largest 
single Step « hange ever taker 


the authors compat 


by operating personnel in 


One item of control that of significance is that this 


unit has been shut dow: ny 


times under normal con 
little or no help 


with no 


ditions or emergency conditions with 
from the operator and, t 
| 


done There are 17 different 


date, damage 


automatic methods of 
are for turbine-boiler 
lo date, 


ictual operating conditions 


tripping this unit. Of these, 12 


protection, and five for generator protection 
it has been proved under 
that four of the 12 methods for protecting the turbine 
boiler work In addition, the 


tem has been used once under controlled trip test condi 


generator protection Sys 


tions. 

Following the inspection of the boiler and turbine, it 
that the 
could easily jeopardize the 
It definitely 
phenomena especially char 
Turbine 
of both zine and nickel, 


immediately apparent 


chemical characteristic which 


became one singular 


efficient operation of this unit was copper 
ippear®rs to be a deposit 


acteristic of supercritical pressure conditions 
blade deposits showed presence 
so it appears the source of 


admiralty 


the copper could be the anti 
heater 
admiralty, the high pre re heater monel tubes, or any 
thre« 


moni condenser tubes, low pressure 


combination of the 


rdon C. Smith of Combustion 
details on ‘Super 
Avon No. 8 


f boiler design occasioned by 


J. I. Argersinger 
Engineering, Inc., the flered the 
critical Boiler ‘ perating xperience at 
One of the unusual features 
the use of a varying design 
pressure in the primar its of the boiler. Starting 
with 3500 psig throttle pressure as a base, pressure drops 
for full load « 


ing, valves, superheater sections, 


the once-through principk 


onditions wer ilculated for the steam pip 
water wall, economizer, 
established a 
ugh the unit 
drop calculations included a margin to insure that actual 


operating pressure in any part of the unit would never 


ind maximum 


The pressure 


feedwater piping Thi 


operating pressure” line thr 


ind thus constitute a limita 
An additional margin 
was added to 


exceed the expected pressurs 
tion to the 
of 175 psi 9 
establish the 
the 
selected in commercial thi 


unit 
ttle 
pressure 


capacity ol the 
per cent ol thre pressure 
minimum design line throughout 
boiler and piping. Tubing and piping were then 
nesses to provide a stepped 
maximum allowable above the 
lest 
the adequat v of the desigt 
rhe farthest departure from conventional boiler con 


furnace enclosure, which consists 


line of working pressure 


minimum design line results have demonstrated 


struction occurs in the 


of tubes operating at varying individual temperatures 
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rhe boiler designer has two basic choices in handling 
this situation. He can provide for individual movement 
of each tube so that it can expand according to its tem 
perature; or he can attach all the tubes together, as by 
continuous welding, and thereby constrain each tube to 
expand in accordance with the average temperature of 
the group. For all of our first round of monotube units 


we chose the former method, providing for individual 
detail 


method has proved satisfactory in operation 


modifications, this 
No basic 
problems have arisen and the approach is technically 


expansion. Following some 


sound. Unfortunately, the execution is expensive, and 
requires relatively elaborate support construction 

In the enclosure of the rear pass, where temperature 
differences were expected to be more moderate the alter 
nate solution was used and restrained the tubes so that 
they could expand only as a group. This construction 
has also proved 100 per cent satisfactory in operation 
rhis experience, backed up by extens:ve model tests and 
analytical work, has brought the authors to the conclu 
sion that, for C-E’s next supercritical unit, the most satis 
would be of 


factory furnace enclosure 
continuously welded tubes and bars, of the type intro 


and economic 
duced so successfully at Kearny some ten years ago. 
Steam temperature regulation is of the utmost im 
portance in boiler and turbine operation, and especially 
so when working at a supercritical pressure. It is not 
enough to apply control hardware. The proper features 
must be incorporated in the boiler design. At Avon, the 
primary water heating and superheating surfaces of the 
unit are divided into four basic circuits, two per furnace. 
he superheater sections are subdivided into eight cir 
cuits. Each circuit has its independent flow and tem 
perature controls. The separate control in each quarter 
furnace, combined with two stages of desuperheating, 
provides uniformity of temperature across the width of 
the unit. Element temperature illus 
trated by heavy black lines superimposed on blocks and 


traverses were 


the temperature of the eight superheater leads were also 
shown, with a deviation of about plus or minus 3 degrees 
from average 

Reheat temperature is controlled by burner tilt, which, 
of course, does not operate selectively on the four quarters 
of the furnace width. In this case the uniformity of the 
outlet element traverse is the result of (1) pressure equal 
ization halfway through the reheater, (2) gas distribution 
and (3) criss-crossing of the connecting links between 
furnaces. 

Not only the lateral temperature distribution, but 
also the average temperature rise in each section of the 
unit is of concern to the designer and the operator of a 
once-through boiler. Only a few years ago there was a 
veil of mystery surrounding the properties of supercritical 
water and steam. People were concerned about whether 
there was such a thing as steam at supercritical pressure, 
and some writers cast doubt on the engineer's knowledge 
of heat transfer in this region. The authors then pro 
duced a set of curves to compare the predicted and actual 
temperature rise in the Avon unit, in the various com 
ponents of the boiler primary circuits and the reheater. 
The close agreement, the authors felt, dispels and doubts 


about engineering competence in heat transfer in the 


supercritical fluid 
One of the problems that was foreseen is the necessity 
of avoiding steaming at subcritical pressure in a unit 
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which is not designed to handle a two phase mixture of 


water and steam in the furnace walls. This problem or 
requirement has to be borne in mind during startup, and 
operating procedures were carefully platined to prevent 
any possibility of boiling Unfortunately, during the 
early operation at Avon, startup was authorized without 
establishing the required 30 per cent minimum flow and 
Phis 


ind 


without maintaining a sufficiently high pressure 
effort to fuel 
As a result, steam was formed 


was done in an ill-advised conserve 


energy during the startup 
tubes 


1 one 


in several water-wall tubes, and the flow in these 
was reduced to the pomet that overheating produces 
tube rupture and a considerable amount of bowing 
rhe operating procedures required to avoid this troubk 
are simple but extremely important 


Uniform distribution of flow through parallel tubes in 
a supercritical unit is generally easier to obtain than in 
the evaporating section of a subcritical unit, but it is not 
automat Along with proper operating procedures, the 
on and at 


load 


was in 


proper design features must be present At Av 
Unit No. 2 ind light 
the distribution in the waterwalls 


Eddystone during startup 
operation, 
adequate while the unit was being overfired for the pur 


load The 


temperature in a Tew 


pose ol raising temperature or picking up 
result was low flow and excessive 
tubes, which led to tube 
The 


waterwall tube 


ruptures on two occasions at 


Eddyston problem was corrected by installing 


orifices at the inlets This was done at 
Eddystone early in December and has proved effective 
in maintaining proper distribution and a narrow band of 
waterwall tube outlet temperatures. The same change 
has just been completed at Avon and during the start up 
effect appeared to be equally 


about ten days ago, the 


satisfactory 
Another problem occurred in the water cooled spacer 
maintain alignment of super 


At Avon, during start up, 


tubes which are used to 
heater and reheater elements 
the tendency for natural circulation was strong enough 
flow rhis corrected by re 
routing the spacer, so that the natural circulation aided 
No further 


to produce reverse was 


rather than opposed the desired flow 
trouble has been « Xperience d 

Under steady state conditions the temperatures leav 
ing the transition section provides close coordination of 
feedwater flow and firing. Under changing conditions, 
however, the transport lags in the boiler and the sensing 
lags in temperature measurement make it impossible to 
adequately regulate feedwater from temperature alone 
Some type of anticipation signal is required. Originally 
this was provided in the form of the pressure drop across 
located in the transition outlet link 
pipe to pick up any change in firing rate or furnace heat 


The 


subcritical unit, but it proved entirely unsatisfactory in 


a steam flow nozzle 


absorption arrangement works very well on a 


the supercritical units \ direct signal indicating total 
ized fuel feeder position has now been introduced as an 
ticipation for the feedwater control 


C. C. Franck, Sr., and J. A. Carlson, Westinghouse 
Electric Corp., then discussed the ‘Avon Superpressure 
Steam Turbine Generator Unit 
problems imposed by the d 


Among the numerous 
lesign premises, one relates to 
the relatively small volumetric steam 
pressure turbine inlet stage and another is concerned with 


flow at the super 


56 


the relatively large volumetric flow at the exhaust stage 
In spite of the fact that 39 per cent of the admitted steam 
is extracted at intermediate points for feed heating and 
boiler feed pump drive purposes, the ratio of the terminal 
to the 1600 fold \ 
triple exhaust low pressure section with 25-in. last 


blades was selected for optimum leaving loss conditions 


exhaust volumetric flow is over 


row 
from design studies of a 


One design reached previous 


unit, was to split into two elements the expansion of 
steam from the main inlet pressure to the reheat pressure 
le vel to 


which would be subjected to steam pressure and tempera 


secure the smallest practicable turbine element 
ture beyond the limit of existing operating experience for 


ferritic materials Chis decision aggravated the problem 
of shaft seals 

Phe of the 
designed for complet 
100 F at the 


emperature 


element 1s 

With a 
resultant throt 
other 


turbine 
all loads 
inlet, the 
of 980 F In 


first stage superpressure 
vimission at 
temperature ol 
thing will result in a 
will be an instantaneous drop of 120 F as a 
Secondly, the loading of the 
iffected by valve 
under normal conditions, the 
117 kw 


per blade, but on the assumption of two quadrants closed 


words, thers 
result of such operation 
Set tional 


first row of blading is also 


operation For example, 


blade loading of the first rotating row is equal to 


and two quadrants open, this load would increase to 366 
kw per blade 

Another important consideration resulting from partial 
admission operation is the resultant force on the spindle 
shaft to deflect. Under condi 
tions of complete admission, forces are balanced: and 
However, with two adjacent 


which would cause the 


there is no shaft deflection 


nozzle quadrants closed and two adjacent quadrants 


open, the partial admission forces would be approxi 
mately 37,000 Ib 


of 0.062 im ‘ 


his would result in a shaft deflection 
which would make it impossible to maintain 
ind 


reasonable radical clearances between the rotating 


Stationary parts. As a result, all governor valves are 
arranged to operate in unison 
Within the 


made available commercially 
specifically for high temperature blading applications and 


Niveco, 
rhis alloy was developed 


past year, a new alloy, has been 


possesses high damping, high tensile and superior creep 


t 

resistant properties at elevated temperatures Che 
application of this new blading material to a turbine 
unit of this type will make partial admission operation 
Blades fabricated of this will 


the added stresses imposed by blade 


practi ible material 


withstand safels 
to avoid high shaft de 


diametrically 


loading and double shock, since, 


flections, steam would be admitted to 
opposite nozzle quadrants 

rhe authors supplied considerable detailed information 
ibout the 


made to periodically check the operation of all stop, inter 


various turbine components. Provisions are 
ceptor and governing valves while the unit is carrying 


load. All 


from a central control test center 


exercising’ of these valves is accomplished 
Che operative posi 
and function of these valves is traced and indicated 


Safety in operation 


tion 
by lights located on this test center 


has been built into the test center which allows the 


operator to close only one stop valve and its companion 
1 time, while all other 


steam flow control valve, one at 
valves are maintaining their normal operating functions 
New and additional duties are placed on the turbine 


control system by a boiler by pass system arranged to 
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provide desired characteristics in cold starting, to permit 
quick hot restart of the steam generator, and to provide 
protection of the turbine unit under abnormal operating 
Situations 

A review of the steam flow cycle, the authors stated, 
shows that steam from the steam generator has two routes 
to follow in condenser. When starting 
cold, circulation through the boiler is established by the 
his water must by 
returned to the 
Steaming at 
pass for the steam must be 
through the reheater and 


reaching the 
boiler feed 
and be 
until uniform 


conditions 1s established, a by 


motor driven 
turbine 
Likewise, 


pump 
pass the condensate 
system normal 


provided around the turbine 
to the 

Water in the by pass s tet 
pass separator through the water discharge valve to the 
es the turbine; first, through 
the by-pass separator; secondly, through the reheater; 
then to the Steam flow through the by-pass 


system is controlled by the automatic stop valve in the 


condenser 
n is discharged from the by 


condenser Steam by-pa 


condenser 


main header, the automatic superpressure by-pass valve 
it the 


heat line 


main header, and the by pass valve at the hot re 
Check valves it 


interceptor valves in 


the cold reheat line and stop 
the hot reheat 
the by-pass system to the tur 


and lines 


valves 
control steam flow from 
bine. Motor operated by 


the check valves in the cold reheat lines for preheating 


pass valves are mounted at 


rhe primary function of the automatic steam generator 
stop valves is their use during the startup period when 
water is pumped through the steam generator and super 
heater and through the by-pass system to the condenser 
\t this time, the valves are closed and prevent the flow 
of water into the When steam from the 
heater is at the proper condition of temperatur 


1utomatic control normally will open the 


turbine super 


and 
pressure, the 
be prevented or limited to 
umount by remote The 
ust sufficient to preheat the main 


This opening « 


V ilves 


iny desired control valves 
mav be cracked opel 
itted to open as desired to 
Under ‘the influence of 


es will close automatically 


steam leads and then pern 


bring the turbine into service 
the automatic control, the vals 
if pressure or temperature should fall below the set values 
In normal operation, these stop valves are in the wide 
open position 

by-pass valve 


operation, the superpressurt 


protecting the steam generator 


During 
acts as a safety device 
ind the turbine against high pressure or temperature 
If the steam pressure in the main header rises 5 per cent 


ibove normal, the by ilve will open. The valve is 
closed at any pressure below 105 per cent of normal. In 


ilve performs a function which 


pass v 


this manner, the by-pass \ 
is normally the duty of the power relief valve 

Protection for the turbine against excess temperature 
is desired. The superpressure by-pass valve is arranged 
to open automatically at a preset margin above normal 


te rnp rature ( pening { the by pass valve increases 
the steam flow and reduce 
temperature AS Soo! 


ire re-established, the 


the superheater outlet steam 
normal temperature conditions 
iperpressure by-pass valve will 
close automatically 

Che reheater by-pass valve permits steam flow through 
the reheater during start-ups and in case of emergency 
tripout of the turbine generator unit. The valve opens 
when the pressure in the reheater rises 5 per cent above 
normal, in response to an impulse from a pressure trans 
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mitter. The pressure setting of the transmitter is ad 
justed continuously with load in accordance with steam 
pressure in the turbine. If the pressure falls below the 
set value for any reason, the by-pass valve will close. 
During startup, it is expected that the set pressure of the 
by-pass valve will correspond to the pressure in the tur 
bine when passing 30 per cent of maximum flow. Uni 
form steaming conditions will be established in the steam 
generator with a pressure at the reheater maintained at 
the 30 per cent flow pressure level 

In a similar vein the authors described the startup and 
normal loading procedures with some discussion of ab 
normal operating incidents 


Paradise Station 


Reed A. Elliot, Walter F. Emmonds and Henry T. 
Lofft, Tennessee Valley Authority, described the “TV A's 
Paradise Steam Station Planning, Design, and Con 
struction Highlights The Paradise Steam Station 1s 
located in the south-central portion of the western Ken 
tucky coal basin. Work started in the dust and mud 
of November 1959 and operation of the first 650-Mw 
unit is scheduled for September 1962. This unit will 
be followed by a second of equal capacity to be completed 
in July 1963. The station layout will 
two additional units of equal or greater capacity 
of the initial 2-unit installation is estimated at 
million or $130 per kw, based on expected continuous 


accommodate 
Cost 
S12 


capability 

In January of this year an all-time system peak load 
of 10,322 Mw occurred, at which time the assured load 
carrying capacity of the system was 10,772 Mw. Upon 
completion of the Paradise units and installation of other 
additional hydro and steam units presently on order or 
under construction, the system capacity will reach 15,417 
Mw by the fall of 1964 Projected load estimates indi 
cate that this system will provide 
under 10 per cent of dependable capacity above peak 
demand at that Paradise 650-Mw unit at 
that time will represent approximately 4 per cent of the 


a margin of slightly 
(ome 


time 


total system installed capacity 


Through the usual process of elimination by means of 


preliminary cost comparisons, the final choice of a site 


the Hickory Point 
dam and the Para 


was reduced to two possibilities 

site on Kentucky Reservoir near the 
dise site A detailed comparison of these two sites was 
made for an initial installation of one unit and for pos 
sible future installations of two, and four units 
For each case the plant investment at the site was found 
to be greater at the Paradise site by amounts ranging 
from about $1 million to nearly $3 
figures, however, do not reflect the prime advantage of a 
site located within an area of abundant coal resources 
When the estimated savings in fuel costs at the Paradis 
site were included, the comparisons showed advantages 
to that site ranging from more than $1 million to nearly 
$5 million annually. Transmission were found 
also to favor the Paradise site and the choice was clearly 


three 


million These 


costs 


apparent 

Under existing contracts for fuel supply, the bulk 
of the coal used for some time will be mined in the im 
mediate vicinity of the plant and hauled over private 
roads to the plants. As necessary in the future, other 
facilities for fuel transportation can be provided 
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River stages at the site can be expected in a range of 
55 ft above the normal pool level of Green River Dam 
No 2 
50 ft above pool level 
flood control projects under construction by the U.S 


Corps of Engineers, it is estimated that the 


; 


The maximum flood of record (1937) 
laking into account the upstream 


rose sore 


maximum 
probable flood will reach a level 5 ft higher 

\ considerable area of natural ground at the 
than the 


power 
expec ted flood 
Much of 


this low land will be used for ash disposal and brought 


house site is at levels higher 


stages, but the greatest part ol the site 1s low 


up to levels suitable for coal storage Fairly extensive 


ireas must be filled, however, in the original construction 


The discharge of the Green River fluctuates widely 


been ex 
205.000 cis 


Extremes have 
less than 500 cfs to 
1937 flood 
planned to provide 

With the operation as planned the 
discharge at the site will be greater than 1000 cfs about 
95 per cent of the time \ 2-unit plant will operate 
satistactorily on the river supply without supplementary 


under normal conditions 


perienced from ibout 
at the site 
trol 


low-flow regulation 


in the Che upstream flood con 


reservoirs art also a degree ol 


Station 1S expanded beyond 
that 


cooling In the event the 


two units, it is contemplated irtificial cooling 


facilities may be justified 
rhe presence of large reserves of strippable coal im 
mediately adjoining a site suitable for a large-capacity 
generating station offered opportunities for exceptional 
economes both im the recovery and utilization of coal 

Coal delivered to the station, the bulk of it from the 
Kentucky No. 11 seem, will be somewhat lower in quality 
than that rVA 


It is« Kpec ted that as-delivered thermal value will average 
11,000 Btu, but because of the low pro 


generally available to other stations 


slightly under 
costs and the transportation, the 
Btu 


duction 


Saving in 


estimated cost of less than 14 cents per million 


unusually favorable 


With first-unit operation scheduled for September 


1962, approximately 30 months are allowed for com 


pletion of design and procurement These schedules 


call for the making of approximately 3400 design draw 


ings and preparation of procurement specifications for an 


estimated $117 million worth of major equipment and 


materials The design work which is being done by 


VA's Division of Design ts estimated to cost $5 million 
or about estimated direct construc 
cost of the 


ployed to 


2.9 per cent of the 
2-unit plant \ 
the ce velopment ot the 


tion consultant was em 
principal 
pl int 


for most of the 


assist 1m 
architectural 
At this time 
plant equipment, and 


features and a scale model of the 
l 


} 


contracts have een places 


mayor design work is approxi 


mately 30 per cent complet 


Some of the design features which are different or un 


usual at Paradise from most other TVA steam plants are 
is follows 

1) Unprecedented size of generating units and related 
auxiliary equipment 
ind turbine 


plant 


») Service and office bay erection area 


in the center of an ultimate 4-unit with first two 


units on the river side; storage provisions in this struc 
ture allow elimination of separate yard storage buildings 
idjacent to 


[wo 


3) Four-unit electrical control 
turbine erection 
mechanical unit control rooms in bunker 


boilers for 4-unit plant 


wing 
area in central service bav 


bay between 
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j An underwater diversion dam in the river down 
skimmer wall 


from and 


stream intake and combined 
trash boom in intake channel 

5) Coal-handling system innovations for receipt of 
run-of-mine strip coal, including two 2000-ton ground 
accommodate 100- and 200-ton 
2000-ton-per-hr system for handling 
100-ft-high live 
in capacity of boiler room coal 


four 600-ton-per-hr hammer 


level hoppers to coal 


company trucks; 


two grades of coal; two storage piles 
which permit reduction 
bunkers to 13-hr 
mill crushers; elimination of 
and use of in-series belt weighing scales 

6) Cyclone fired boilers, tubular type 
ind compressed air soot blowing 

7 No electrostati 
lectors for fly 
and 600-ft-high chimneys 

S Stored 


supply 


boiler room coal s iles 


air preheaters 
mechani il col 


prec ipit itors or 


ash due to cyclone fired, slag-tap boilers 


program data processing-computing equip 
with general-purpose digital computer for per 
formance calculations, partial automation and 


ment 
monitor 
ing, and expandable for possible complete automation 

9) Flash evaporator used for makeup and potabk 
water supply, using raw river water from condenser 
water discharge; this 
primary water-treatment plant at an approximate saving 
of $1.6 million 

10) Elimination of 


illows elimination of conventional 


gantry crane tor servicing 


pumps 


ind traveling screens at pumping station and use of 


remote control of pumps from 


house unit control boards 


mobile yard crane power 


11) Station service of 6900 v with 6600-yv motors for 


most of larger rated motors and 4S80-v service for smaller 
140-v motors 
12) Elimination of central vacuum cleaning plant and 


use of industrial-type vacuum cleaning equipment 


ISA Power Symposium 


[The Fourth National ISA 
May S-10, LaSalle 
Instrument Society of 


Power Instrumentatio1 
Hotel, Ch igo Sp 1 


\merica will present 


Symposium, 
sored by the 
papers by key personnel from Carolina Power & Light 
Commonwealth Edison Company of Chicago 
ght Company of 
Philadelphia 
New 
Texas Powe 


Company 
Detroit Edison Company, Duquesne Li 


Pittsburgh, Gulf States Utilities Company, 


Electric Company, Public Service Company 


Hampshire, Texas Electric Company, and 
& Light Company 

“Data Logging Dev 
in Eight Installations of Gulf States Utilities Company 
by J. O. Robichau, “Putting the Digital Computer 
Work at the H. B. Robinson Station” by H. Wachtel of 
Ebasco Services, Inc., and ““The Semi-Automati 
Evolves by R. F. Scheibel of Sargent & Lundy will 
make up a featured session on computer experienc: 


elopment & Computer Experiences 


Station 
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Abstracts from the Technical Press—Abroad and Domestic 


(Drawn from the Monthly Technical Bulletin, International Combustion, 
Ltd., London, W. C. 1) 


Fuels: Sources, Properties and 
Preparation 


Coal Derivatives. 
G 1960, 22 (Oct 
W il or 


nthes 


general concl 


Gravimetric and Volumetric Measure- 
ments During the Degasification of 
Coals. H. Luthet Abe \. Kett 
ind K ¢ } ! ! 
emtie Lon 
(,erman 
rhe investigation 


coals and their 


tion oft 


their mutual relati 
out by measuremer 
tion rate as ail 
bulk density 

tion ) sik 
heating 

alte nh gasse 

of decomposition which 
how the preset groups 
with certain ciation nergies 
the inalvsi position 
products cont prop 
erties oO pending 
mainly on xten f release of 
liquid products etweer and 
100 C and of methane between 450 


and 500 C€ 


Mechanical Handling 


Grading Coal and Dirt at Lea Hall 
Pit. Anon Engineeri» 7 190 
Sept. 23), 420-1 

Phe I itl l 
tion near Lea Hall ¢ 


f (00 Mw 


ower cf t ' ur lor - truc 


total « ipacit 
upplied by 


—_ 


llier ] 


which 
ind dirt from its 
from several other 
district The coal 


orting and was 


Handling Lump Coal on Belts. 
J ion 1960, 24 


nes Mecham 
An installation 

> tun) t per 
Irom a mine t 
point is describe« 
belt convevors wer 


they can ea 
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mtracted and the cushioning effect 


when transporting large lumps 


Automatic Coal Transfer from Wagon 
to Ship. Anon Engineering 1960 
190 (Oct. 7 185 

Iwo identical 
installed at Immingham for the un 
ons into ships Each 
) to 24.5 


plants have been 
loading ( Wag 
> wagons ol 

ind consist ol a com 

wagon haulage and tip 

connected b i belt 

! 1 loading tower with ad 
justable boom for discharge into the 
ship's hold. The installations operate 
automat und each requires only 


> men lor supervision 


The Transport of Pulverised Coal by 
Carrier Gas in Pipe Lines and its 
Influence on the Control of the Com- 
bustion Conditions. \. Schneider 
Energie 1960, 12 (Sept 378-88 (in 
(,erman 

Starting from the movement of a 
single particle and a particle mixture 
the flow in a pipe upwards or down 
wards, horizontally and in bends has 


only 


“COMPACT”’ 


BURNER CONTROLLERS 

feature... 

Indicating faceplate 

Plug-in connector 

10 AMP. contacts 

Both standard and custom timing 
periods 

Adaptable to any flame-safeguard 
relay and interlock system 

Suitable for use with any type burner 





for details 


COMPACT CONTROLS CO. INC 
18 Maxwell Ave.. Oyster Bay, LI. NY 











been studied and equations for cal 
culating the transport time have been 
Recommendations are made 
the planning and 


deduced 
with regard to 
design of pipe lines and, especially of 
the bends, to reduce the total transport 
time. The influence of the transport 
time on the control of the combustion 
conditions is discussed and illustrated 
by an example 


Steam Generation and Power 
Production 


Tests on the Thermal Conductivity 
of Water Vapor. HH. B. Vargaftik and 
\. A. Tarzimanov Teploenergetika 
1960, 7 (July), 12-16 (in Russian) 

The results are given of tests on 
the thermal conductivity of 
vapour in the temperature range of 
600F to 1040F and pressures from 70 
psig to 7100 psig C.E.G.B 


water 


helract 
aosiraci 


Design and Construction of Pressure 
Vessels. J. J. Haftke. Chem. Proc 
Eneng 1960, 41 (Oct.), 437-44 

rhe factors to be 
pressure 


considered in 
designing a vessel for a 


nuclear reactor are discussed l 
(2) excessive deformation; 
brittle 


Also discussed are 


latigue; 
3 corrosion (4) 
5) creep rupture 

accuracy limitations, economy 


fracture 


speed 
of construction, radiation effects and 
constructional considerations 


Design of Reinforced Cylinder for 
Nuclear Reactor Pressure Vessel. 
R. W. Lakin and S. S. Gill. Engineer 
1960, 210 (Sept. 23), 495-9 

Che reinforcement consist 
of thin plate around the main cylinder, 
rhis permits 


sol layers 


the joints being welded 
the use of higher pressures and greater 
heat production without proportion 
ate increase in costs The design is 
described and results of tests on two 


|/10th models presented 


Hydrodynamics of Forced Circulation 
Boilers. A. A. Davidov and B. I! 
Sheinin. Teploenergetika 1959 (Nov 
7. D.S.LR. Transl. RTS 1584 
Data on the resistance of tubes in 
the water and steam circuit, pulsation 
in tubes, differences of temperature 
between tubes and header, distribu 
tion of the steam-water mixture and 
its stratification is forced circulation 


boilers 


Boiler Design for Low Grade Coal in 
Power Plants. 8%. Limpouch. Tech 
nical Digest (Czech) 1960, 2 (Mar.), 
13-6 
Czechoslovakia's 
perience in the field of steam-boilers 
for high-moisture fuels and ash con 
tents of up to 60 per cent is illustrated 
with the numerous design examples 
described. Lignites and brown coals 
as well as high-ash black coals are 


extensive ex 


59 





PATHWAYS OF 
A PIONEER .. 


DESIGNERS 
AND 
BUILDERS 


MODERN 
EQUIPMENT 
FOR 


This picture was taken in 1943 of 
tinuous 600 gpm lonXchanger 
stallation at a midwestern chemical 
The tanks are shown being loaded 
ion Xchange resins 


Blazing the Trail for 
De-I Developments 


When the photograph above was made, 
IWT already had well over 50 large in 
dustrial ion Xchangers in successful opera 
tion yet ion-exchange in those days 
was still considered a “‘new and untried” 
process! Many of these pioneering IWT 
installations are in use today, and most 
of the early users of IWT ionXchange 
have added to and modernized their 
equipment as new developments became 
available. 

Even today IWT is still pioneering 
adding to its great stock of knowledge 
in this specialized field, designing and 
building up-to-date ionXchangers of all 
types and sizes for application to a wide 
variety of processes as well as all kinds 
of water-treatment, experimenting with 
and carefully testing new ionXchange 
uses, and constantly improving existing 
designs 


THIS EXPERIENCE 
CAN MEAN A LOT TO YOU 


If you need pure water for high-pressure 
boiler make-up or process use, or if you 
are considering the use of ion-exchange 
for purification or concentration of 
chemical products, be sure to take ad 
vantage of IWT pioneering experience 
and specialized knowledge. Call your 
IWT representative. 


ILLINOIS WATER TREATMENT CO, 
840 CEDAR ST ROCKFORD, ILLINOIS 
NEW YORK OFFICE: 141 E. 44th St.. New York 17, NY 
CANADIAN DIST. : Pumps & Softeners, Ltd_, London, Ont 


burnt successfully. Good results have 
been obtained with stoker-fired and 
particularly with pulverized-fuel fired 
boilers Both dry-bottom and slag 
tap boilers are used and boilers fitted 

combustion chamber 
Czechoslovakia have 


successful and versatile 


with double-pas 

ce veloped in 

d most 

is regards both fuel composition and 
ish properties 

From C.E.G.B Dige 


sept. 24 257 


‘ 
1960 


Furnaces and Combustion 


Control of Reaction Rate in Dust 

Flames. ] M tfeer and R. H 

Essenhigh Vature 1960, 187 (Sept 
Lire « 

Recent investigations on pulverized 
anthracite flames tend to show that a 
chemical rate control is important in 
the combustion process and the. pre 
vious theory of diffusional control ts 


not valid 


Water-Side Corrosion and 
Water Treatment 


Water-treatment with Hydrazine for 
Protecting Boiler Metal against Cor- 
rosion. P. A. Akolzin and N. M 
Mikailova Teploene reelika 1960, 7 
Julv), 59-64 (in Russias 


described of in 


The results are 
investigation on the development of 
the use of hydrazine in the treatment 
of boiler water to protect boiler 


metal against corrosior 


Laboratory Investigation of Water- 
Side Scale and Corrosion in the 
Presence of High Process-Side Tem- 
peratures. H. Kerst. Corrosion 1960 
16 (Oct 131-7 
The tests were carried out with 
hotside 


corrosion 


(0) F water and 350-395 F 
temperature to investigate 
ind calcium phosphate scale deposi 
tion Use of polyphosphates at 
residual levels high enough to give 
corrosion protection produces calcium 
phosphate scale Chromates reduce 
the amount of this scale and also 


iate scale 


Gas-Side Corrosion and Deposits 


Some Properties of Ash Deposits 
Accumulated on the Screen Tubes of 
Boiler Furnaces. A. M. Gurvich and 
R.S. Prasolov. Teploenergetika 196 
Tuly CH oo Ru lan 
Measurements were made 
thickness of the laver and weigh 
ish deposits on boiler screen tube 
he growth of deposits over time and 
effect of heat transfer in the 
e were determined It was 
that in some definite 


mal conductivity of t initial 


layer of deposit may be lower than that 


E.G.B. abstract 


ol air ( 


Linden Combats Boiler Tube Cor- 
rosion with Mg(OH),.. R.A. Baker 
Pwr Engng 1960, 64 (Sept 58-9 

rhe oil used at this power station 
contains between 100 and 500 ppm 
vanadium, on average 350-400 ppm 
odium 
sticky 
boilers 


ind this in conjunction with 


ind sulfur caused severe, very 
i 


arit 
After 
magnesium hydroxide in preference 
tends 


corrosive deposits in the 


tests it was decided to wus« 


the oxide which to take 
moisture and clog 


nozzles Ihe Mg(OH is 


into the lurnace bove the 


pipelines and 
| 
l 


iniecte 


burners at a ratio of 2 é part 
s ground 
to 90 per cent through 325 mesh and 
Ih h 


Vanadium rhe magne 


maximum consumption 1s mu 


per furnace Phe deposits though 
increased in amount are now dry and 
easily removed b soot 


Corrosion of the air heater 


fluffy and 
blowing 
has not been reduced and the ire 
washed every 3 months 

Corrosion of Steel in Hot Gases. 
H. Keller Chem. Ine. Teci 960, 33 


~~ pt sZ-4 Crerman 


Corrosion of ferritic steels by sulfur 
and vanadium pentoxide is discussed 
and results of tests of the corrosion 
irious ferritic chromium 
d It is 


steels are 


stance ol 
shown that in 
these superio;#r 


teels though their heat 


Fiue Gas, Ash and Dust 


Recommendations on Heights for 
New Industrial Chimneys. G. Non 
hebel l. Inst. Fuel 1960, 33 (Oct 
~G_7 

It is recommended that 
s for large plants be so 
calculated 3 min-max 


ground 


Chimne 
that the 


centration ol ot) at 


does not exceed 40 pphm (b 

ireas of heavy industr 

density of population and 50 

in other areas and the maximum 

of deposit of grit and dust not exceed 

ing 1000g/100 m?* month with a 

direction constant within an o« 
A sliding scale of 

from 60 to 

from 5000 to 100) 

dust deposition will 

the chimne height 

concentration 

particles larger 

be emitted 

mendations 


desi 


flue uses 1m OT two chimne 


nce of down draught and down 
wash lhe st appendix deals with 
the methods of calculating chimney 
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height and the second appendix with 
a formula for threshold visibility of 
a dusty plume 


The Selection of Optimum Tempera- 
tures for Boiler Flue Gases. M.A 
Styrikovich, G. A. Matves ind V. I 
Belyaey Teploenergetika O60, 7 
July), 27-32 


rhe optimum temperatures of flue 


in Russian 
gases are determined from _ the 
technical and ecoriomic aspects, for 
high-capacity boilers « iting on 
coals of different price 
C.E.G.B tract 
An X-ray Study of Pulverized Fuel 
Ash. H.S Jeffrey 


Appl. Chem. J. 1960, 10 (Aug 328 


Simons and J. W 


oh 
Pulverized fuel ash en sub 
jected to X-ray examination and 


chemical analysi main 


mineralogical and physical character 


been determined It is 


have 
that the ash is a very 


material in 


istics 

shown com 

oV erall 
irom 


tent atively 


plex which the 


chemical composition varies 
particle to particle It is 
that there is 


between 


concluded positive 


correlation pozzolanic 
activity and glass conten Phe ty pes 
ent in the 


of combination of iron pre 


ash have been determined and the 
effect of hydration examine 
From C.E.G.B. Dige 


Sept + 


| 


Heat Recovery Plant 


Plate Heat Exchangers. Flow 
Characteristics. E. L. Watson, A. A 
McKillop, W. L. Dunkle and 

Perry Ind. Engng ¢ 

(Sept 420-40 


._ A study of 
times and pres 


velocit 
dence 
been carried out to as 
use The result 
graphs 


Plate Heat 
Transfer. A. A. McKill 
Dunkley Ty Eingy 
52 (Sept 740—4 


theoreti il ind 


Exchangers. Heat 


showing 


iotors and flexibl 


Power Generation and Power Plant 


A Look at Big-Power Cycles for 40 
per cent Thermal Efficiency or Better. 
P. H. Knowlton Stean 
30 (Oct 16-2 

Various way are 
which the thermal efficien 


he» ? 140) 


generation could be in¢ 
provement in the stean 
plication of the bin: 


position of the 
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FLUIDICS* AT WORK 





























Lb) foe he = — 


i VALVELESS FILTER 








New way to shrink yearly 
maintenance costs —improve 
heat exchanger operation 


Here is a new wrinkle in cooling-tower 
operation: 

Side stream filtration. It can appreci- 
ably cut your yearly bil! for cleaning 
heat 


condenser tubes 


fouled exchanger surfaces and 

Between the cooling-tower and the 
heat-exchange operation stands a new- 
comer to the Permutit® 
Automatic Valveless Gravity Filter 

Its job is to clean up a small portion 
of the cooling 
roughly 1% to 5%. By 
filtering this small side stream the tur 
bidity of all the cooling water is re- 
duced and held to an acceptably low 


system — a 


main water stream, 


continuously 


level. 

In the system shown here, suspended 
matter dropped from 2.0 ppm to 0.5 
ppm in just one week, and continued to 
decrease thereafter 

Less turbidity in the cooling water 
means less fouling of heat exchange 
fewer clean 


equipment. Less fouling 


ings, more efficient operation 


JA PFAUDLER PERMUTIT inc. 


Costs nothing to operate: To sweeten 
your savings a little more, the Permutit 
Valveless Gravity Filter is automatic, 
in every sense of the word. It operates 
itself, backwashes itself. Has no moving 
parts, requires no attendant, no power, 
The 


wash serves as part of the system blow- 


no extra pumps water used to 


off—at no extra cost 


Now in use: Proved in this new applica 
the Permutit Automatic Valveless 
Gravity Filter is already saving money 


tion, 


for several companies 

All you need, to join them, is a little 
space near your cooling tower, and a 
Permutit Automatic Valveless Cravity 
Filter. For more facts, write: Permutit 
Division, 50 West 44th Street, New 


York 36, New York. 





*FLUIDICS is the Pfaudler Permutit 
program that integrates knowledge, 
equipment and experience in solv- 
ing problems involving fluids. 
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over the steam cycle, gas turbine 
cycles alone and fuel cells are dis 
cussed Which of these would con 
stitute the best approach to high 
efficiencies is left open 


Off-Load Efficiency for Boilers. Gas- 
Tight Sealing of Plant Provides Many 
Economies. P. E. Jents. Fuel Effic 
1960, 8 (Oct.), 59 60 

light sealing off of a boiler plant 
during longer shutdown periods or 
during low-load operation together 
with intermittent firing greatly in 
creases the efficiency and reduces smut 
or smoke emission Chis also reduces 
the danger of corrosion 


Steam for Japan’s Chiba Power 
Station.z |]. Grindrod. Steam Engineer 
1960, 30 (Oct.), 22-3 

rhis station contains two 125 and 
two 175 Mw units with a total 
consumption of coal of 1,650,000 t 
No. 1 boiler by C.E. is rated at 960 
kib/h at 1825 psi and 1005/1005 F 
No. 2 boiler is a Japanese copy of No 
1 but for a pressure of 1880 psi; 
No. 3 boiler by Babcock and Wilcox 
is rated at 1300 klib/h at 2467 
and 1060/1010 F No. 4 boiler 
identical with No. 3 but made 
Babcock Hitachi 


The Elektrim (Warsaw) 360 Mw 
Steam Power Station: First (220 
Mw) Stage. H. Scheidt Siemen 
Zeits 1960, 34 (July), 410-421 (in 
German 

The station, one of the most 
economical in Poland, has four 55 Mw 
sets in the first stage of constructior 
and two 70 Mw reheat sets in the 
second, with natural-circulation and 
Benson boilers respectivel: thes 
will be pf fired 

From C.E..G.B Digest 


Sept. 24), 2563 


Kincardine Power Station. 
Elect. Times 1960, 138 (Oc 
565-7 

Kincardine power station, officiall 
opened on Oct 12, 1960, now has 
three 120 Mw sets in operation and 
two 200 Mw sets under constructior 
to provide a total capacity of 700 
Mw The three boilers in operati 
(1 by International Combustion 
John Brown Land Boilers Ltd 
each rated at 860 kib/h and 
1005 I Che first boiler is pr 
with 5 roller-type  pulverizer 
reserve) and four tilting burners ir 
each corner, spray-type desuperheater 
for the superheated steam and burt 
tilt control for the reheated steam 
The second and third boilers are 
each provided with four high-speed 
attrition pulverizers (1 reserve), 16 
burners in the front wall, spray de 
superheaters for the superheated 
steam and control of gas flow over 
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FURNACE 
BLOK’ 
“IN” 


AT LARGE EASTERN UTILITY 
OIL-FIRED BOILERS 


Fifteen months ago, a large eastern utility replaced fire- 
brick with FURNACE BLOK in the burner and target 
walls of oil-fired boilers. As a result of drastically 
lower erection costs and excellent service life, utility 
will now standardize on FURNACE BLOK in these walls. 


Target wall, 20 ft. high x 26 ft. 
wide, of oil-fired boiler. FURNACE 
BLOK washcoated with Super 
#3000 Refractory Mortar. After 
nine months’ service, washcoct 
brushmarks still visible. 


Burner woll, 8 ft. high x 26 ft. 
wide, of oil-fired boiler show- 
ing perfect condition after nine 
months’ service. 


FURNACE BLOK is a specially 
shaped, patented, hollow refrac- 
tory unit. When BLOK units ore 
placed and filled, they produce 
@ true monolithic structure. NO 


FORMS REQUIRED. 
FURNACE BLOK INFORMATION KIT 


Contains Technical information, in- 
stallation photos, cost comparisons 
and prices. Write today. 

*U.S. Potent No. 163597 


REFRACTORY & INSULATION CORP. 


124 WALL STREET * NEW YORK 5, N.Y. 


Scles Offices: Chicago, Ill; Cleveland, Ohio; Bryn Mawr, Po.; 
Nework, N. J.; Buffalo, N.Y. 


bw 


<= 


Castable and Bonding Refr jes; FURNACE BLOK; 
Blonkets, Block, Plostic ond Fill insulotions 
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ROCKWELL-REPUBLIC 


Ruien Steam Power Station, Belgium. 
ru kee 1.20112. | PQA pressure globe valve 


This power tation < 


Mw units each ser 


monotube boiler rated at 408 } withstands pressure drops 


60 psi and 


heating of the steam 1 ised on t b ti 
Trifux system and the 1 Up tO ody ravings 
steam temperature is held cor 
down to 30 pert t 
Boiler thermal efh« 
of the fuel is 90 
load) and 92 per cent at full load Stainiess stee! 
rall t ti 5 overlay Retaining 
ove i ne nern 
station is over 
Body 
The La Spezia Thermal Power 
of Edisonvolta. ' 
1960, 16 (July lf 
Phe projected or will I n sete 
3220 Mw unit whi t larges 


unit installed 


gasket 





: ” Sealing gasket 
the continent e generated Seal occurs here ee 


in the boiler, d ned b mbustion 

Engineering, ; 920 psig 050 F Pressure seal bonnet 

with reheat to 100 The 3000 provides metal-to- 

rpm. Tosi-Westinghouse turbine will metal seal. Virtually 

drive two 170 MVA hydrogen-coole: eliminates bonnet 

Marell leakage and gasket 
problems 


Replaceable seat is not 
threaded. ®Fiexitallic 
gasket assures tight 
seal. Threads hold re- 
taining ring only. 
alternator manufacture 
under Westinghouse licence 
C.E.G.B Digest 60 12 


Poot 


Steglitz Gas Turbine Power Station 
in Operation. Anon. ner 


12 (Sept 377 (in Germat 


This power station cont 


460 


turbines each generatit 


provide pe ik load iI 
evening and 

ne part of the 
compressor the 


ressor and generat 


Rockwell-Republic high pressure globe valves are available in 
1%", 2”, and 3” sizes for 1500, 2500 and 4500 psi standards. In 
addition to removable seat and pressure seal bonnet, these valves 
Dresden Nuclear Power Station. are available with bolted bonnets and quick-change trim. For 
Various Author Vu ng 1960 more information about this and 
other Rockwell-Republic compo- 
nents and systems, just mail the 


coupon below. aa mahaocumn sO 


ee ee 8 8 ee ne 


mal efficiency is 25.7 per 





Please send latest 
literature on the following 


N.S. Savannah. 
\ | Ener ov 
neral descripti Control Vaives © Process Transmitters © Controtiers 
Computing Relays © Control Stations © Recorders 
— Flow Meters © Orive Units  V-5 Gauges 
© Desuperheating & Pressure Reducing Systems 
) Electronic Control Systems © Pneumatic Control! Systems 


operatio 


by J. D. McDaniel 


Yankee Atomic 
Authors Nucl. I 


Name Title 





Company 
Address 
City Zone State 





Genera 
Kilpatrick 
Haga 
Thorp; (4 
nism by T. I 








Republic Flow Meters Co. (Subsidiary of Rockwell Manufacturing Company) 
2240 Diversey Parkway, Chicago 47, Illinois 


control svstem 
6) fuel handling b 4.5m hs es oe tee ee ee ee ee ee 
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New Ideas On Dust And Fume Control 


Advertisers’ Index 


Aerotec Industries, Inc 
Air Preheater Corporation, The 
Anaconda American Brass 


Bailey Meter Company. 42 and 43 
Bayer Company, The 

Bell & Zoller Coal Company... 
Bird-Archer Company 

Buell Engineering Company, 


Cambridge Instrument 


Clarage Fan Company 
Coen Company 
Combustion Engineering, Inc... 
Second Cover, 8 and 9 
Combustion Publishing Com- 
DO, Mibvccccaceoccesnt¥ Gae 16 
Compact Controls Company, 











Dearborn Chemical Company. 
New Products: De Laval Steam Turbine Com- 





John Wood Interphase Flooded-Bed Scrubber Diamond Power Specialty 


Corporation 
This unique approach to the removal of fumes, vapors and dust from D hap | Servi Di f 
ventilation systems offers a new high in operating efficiency. In fact, ‘ow Industrial Service, Viv. o 


efficiencies in adsorption and absorption of NO, exceeding 95 and The Dow Chemical Com 
of HCl of virtually 100° have been obtained Fourth Cover 


Two horizontal beds operating under flooded conditions break the air 
stream into bubbles 1/16 inch in diameter. Completely surrounded by Eastern Gas & Fuel Associates 

the scrubbing liquid and subject to impaction forces caused by con Edward Valves, Inc.....14 and 15 
tinuous change of direction, the bubbles break up. Rapid absorption bes 
is the result. 


Fairmount Chemical Company 


The John Wood Flooded-Bed Scrubber is a compact, integrated unit 
Foxboro Company, The 


Construction is corrosion proof and provides easy access for servicing 


New Engineering: The complete line of John Wood equipment also in- 
cludes Venturi Scrubbers, Multi Cyclones, Involute Cyclones, Fabric Garden City Fan & Blower 
Filters and combination units. Extensive John Wood laboratories are 
available for advanced research on your air pollution problems 

iste : i Grinnell Company 
New Service: John Wood Air Pollution Control is fully programmed 
from analysis of existing conditions to equipment installation. Fre- 
quently economies result that make the installation self-liquidating 
through lower maintenance and replacement costs. 


Hagan Chemicals & Controls, 


Write for engineer 8 ance specific product information. An 
air pollution prelimine re a kit avatlable without obligation. 


(Continued on page 65) 


AIR POLLUTION CONTROL DIVISION 


JOHN WOOD COMPANY 


10 NICOLET AVENUE FLORHAM PARK, N. J. TUcker 7-3200 
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Illinois Water Treatment Co... 60 
Johns Manville.........48 and 49 


M. W. Kellogg Company, The 


IIE 6 6 0 6640 600000 us 


Manning, Maxwell & Moore, 


W. K. Mitchell & Company.. 
Nalco Chemical Company. 
Ontario Hydro 


Peabody Engineering Corpor 


Pennsylvania Crusher 

Bath Iron Works Corp... .. 
Pfaudler Permutit Inc... .. 
POC PER occas cccccnes 


Refractory & Insulation Cor- 
poration 

Reliance Gauge Column Com 
DE, Wiles ascccess 

Republic Flow Meters 


Republic Stee! Corporation... 

Research-Cottrell, Inc.. . Third Cover 
Richardson Scale Company... 65 
Rohm & Haas Company. . 


Stock Equipment Company 
Sumco Engineering, Inc.. 


Todd Shipyards Corp., Prod 
ucts Div , 


Valley Camp Coa! Company 


John Wood Company. 
Worthington Corp 


Yarnall-Waring Company. . 
Yuba Consolidated Industries, 
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25 Advanced 
Design 
Features 








Only Richardson builds all 25 advanced-design 
features into one automatic coal scale. Result 
The last word in accessibility, simplicity, and 
accuracy ... long-term trouble-free operation ... 
and low maintenance. For the whole story on 
the new Richardson H-39C write or phone 
Richardson Secale Company, Clifton, N.J. 


= w 
Free technical bulletin ox 
with dimension sheets y 


j Ls 


* Sales and Service Branches in Princ ipal Cities 
Also manufactured m Europe to S$ standards 
Richardson Scales contorm to US Weights and 
Measures 1 44 tor your protection 


MATERIALS HANDLING BY WEIGHT SINCE 1902 





ANACONDA 
Announces 


A new high-strength copper-nickel-iron tube alloy that 
makes possible substantial economies in feedwater heaters 


Research metallurgists of Anaconda Tensile Strength, min, psi WELDABILITY. Alloy 707 can he weld- 


. Yield Strength, (0.5% Extension 
American Brass Company have de pera ey: i — ed by the same methods used for 
under Load), min, psi 


veloped, after three years of inten Elongation, % in 2”, min 30 regular 30% cupro nickel 
Expansion of Tube Inside 
Diameter with Tapered Pin, %, min 30 


copper-nickel-iron alloy — Cupro  stReNGTH AT ELEVATED TEMPERA- CORROSION RESISTANCE. Alloy 
Nickel, 30%-707—for heat exchang TURES. Extensive tests at room and has the same high resistance to 


sive effort, a new high-strength 
707 


er tubes in power plant feedwater elevated temperatures show that stress-corrosion cracking and the 
heaters design stresses given below can be same excellent resistance to corro 
Alloy 707 has mechanical proper used for Alloy 707 sion by salt water as regular 30° 


ties comparable with those of a pre :, sailings 
Maximum Metal Maximum Allowable Stress = kel 


mium high-strength alloy now com Samperature, °F Vales tn Tension, pet 
monly used and retains its stre ngth FOR MORE DETAILED INFORMATION 


it elevated temperature lowing 100 18,300 
at clevatec emperatures—alliowing 150 17,800 on this new high strength tube 


working stresses up to 15,200 ps! at 200 17,500 alloy. Cupro Nickel. 30°.-707. se« 


- or 250 17,100 
600° F. Thus, in an important area 300 16.800 your Anaconda representative, on 





of high-temperature heater applica 350 16,400 write: Anaconda American Brass 
tion it provides material-cost ad oo aaa Company Waterbury 20, Conn. In 
vantages 500 15,600 Canada: Anaconda American Brass 

And as these high mechanical a aon Ltd.. New Toronto, Ont 
properties are for the metal in the 


annealed condition, Alloy 707 tubes 


can be readily cold worked—can be ® 
expanded into tube sheets and NAC OND 
formed into tight U-bends 


WRCHARICAL PROPERTIES of Cupro TUBES AND PLATES FOR CONDENSERS 


Nickel, 30°%-707 (nominal composi- 


tion, copper 64.15%, nickel 30.00%, AND HEAT EXCHANGERS 


iron 5.25%, manganese 0.60% ) are 
as follows: Anaconda American Brass Company 
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Ammunition 
for the 
waron dust! 


Fighting dust is the purpose of this load of Cyclo-trell C10 
“shells.” & Cyclo-trell units for process gas or air cleaning in 
steel mills, refineries, paper, cement or chemical plants 

give you high efhciencies. @ Engineered to fit each spec ifie 
job, Cyclo-trell units are available in a wide range of sizes and 
types including C10, C24, IC (Involute Cyclo-trell) and 

ICL ( Involute Cyclo-trell, Lined). @ Why not let us consult 
with you on your specific dust collection problems? For 
further information, write for Bulletin 300 which describes 


several ipplic ations in detail. 


Research-Cottrell 


RESEARCH-COTTRELL, INC., Main Office and Plant: Bound Brook, N. J. 
Representatives in principal cities of U.S. and Canada ac-208 


TRACE mann 
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Enlarged view of 40-times 


expanded a 


(r 
- 


OAM 


d foam used by D.LS. for equipment 


leaning 


This active foam removes scale and 
deposits fast from all kinds of indus 
trial equipment. It’s inhibited acid, 
expanded 40 times. This new Dow 
Industrial technique works 
faster than liquid solvent cleaning 
holds sloughed-off particies in 


sion better 


Ser ice 


susper 

. and needs less weight 
of liquid. Foam cleaning is thoroug! 

economical, and 

equipment downtime. 

Developed by D.1.S., this economical! 
foam cleaning technique is more effec 

tive and thorough than conventional 
fill-and-soak 


takes minimun 


cleaning. The foamed 
vent fills vessels, pipes, even bent 
tubing as a plug. There’s no need for 
vent Where the added 
weight of cleaning agents is critical, 
foam cleaning may be the only solution. 
Nation-wide Dow Industrial Service 


cleans every kind of process and heat 


connections. 


DOW INDUSTRIAL SERVICE « Division of The Dow Chemical! ¢ 


exchange equl nost every 
kind of industry, including chemical 


petroleum, and iral 


nat 
In addition, D.I.S 


complete consulting laboratory 


pre cess, 


gas 
offe rs 


ry. 


processors 


se 


e tor water treatment and waste 


processing ed by the 


technical 
Chemical ( ompany 


lof equipment, 


probiems, hac 
resources 


Dow 


g any 


yiohere in the 
write or call 
INDUSTRIAI 
SERVICE, 20575 
Center Ridge Road, 
Cleveland 16, Ohio 


U.S., 


DOW 


Write for a copy of this new 
booklet on Foam Cleaning 


ee, 


/ompany 
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